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Background: Dietary fibre has been consumed for centuries for its associated health 
benefits as part of the carbohydrate fraction within food. Different types of dietary fibre 
have different physiological properties, which is likely a reflection of the different 
chemical structures of fibre and relative proportions of different fractions within the fibre. 
That is, certain health outcomes are related to specific types of fibre. Therefore, it may be 
important that individuals or populations have access to more detailed guidance on dietary 
fibre types or categories, specific to their risk factors or health goals and in order to 
achieve better health outcomes. In order to examine this, it is first necessary to identify 
the range of health outcomes associated with consumption of different fibres, and then to 
quantify intakes of these fibres in a population. This would help determine health 
outcomes that could be observed and to design studies that could examine the relationship 
further. Therefore, this thesis focuses on new opportunities to study different categories 
of dietary fibre and examine if quantification of intakes of different fibres can be applied 
to data related to health outcomes. This work is necessary to determine a need for 
individual dietary fibre recommendations. 
Hypothesis and Study Aims: This thesis hypothesises that different health outcomes 
associated with dietary fibre are associated with individual dietary fibre fractions 
(specifically those categorised loosely as soluble and insoluble fibre) found in fibre 
containing foods. Initial research on the fibre composition in food and diet is required 
before this can be fully tested. Effects may not only be attributable to the total fibre 
content of foods, but also to the individual fibre types. It may be that dietary fibre should 
not be considered as a single nutrient, but rather classified according to the physiological 
effects of an individual fibre type. While epidemiological research tells us there should 
be an emphasis on whole foods, understanding the components of those foods associated 
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with health outcomes may better inform individualised dietary advice and counselling. 
Therefore, determining how fibre fractions may be accounted for in foods and applied in 
the analysis of dietary intake data is a critical step in being able to test this hypothesis. 
The research aims of this thesis were: 
1. To identify new horizons for the study of dietary fibre and health, but critically, 
how this may necessitate review of descriptions of dietary fibre, measurement and 
definitions. 
2. To develop a database that includes information for soluble fibre, insoluble fibre, 
and where possible resistant starch, that could be applied to the analysis of dietary 
data. 
3. To examine the usefulness of the application of the fibre categories database by 
examining patterns of fibre consumption in different datasets from small clinical 
samples to large population cohorts, namely 
a. in the context of a lifestyle intervention trial in a clinical setting and how 
these may relate to health outcomes 
b. in a representative population dataset, the 2011-12 National Nutrition and 
Physical Activity Survey (NNPAS) and any relationship to health 
outcomes. 
4. To evaluate the applicability of the fibre categories database as a useful research 
tool for examining fibre categories consumption in these contexts which could be 




Methods: A Fibre Categories Database (FCD) was developed using data from a range of 
sources to include the total, soluble and insoluble fibre data, as well as resistant starch. 
The database was then applied to two separate datasets. To examine the utility of the FCD, 
it was firstly applied to a dataset from a lifestyle intervention trial (the HealthTrack study) 
in which dietary advice was provided by nurses (control) or dietitians (intervention groups 
with or without high fibre food supplement).  Dietary intake was assessed using a diet 
history interview conducted by an Accredited Practising Dietitian at clinic visits. 
Descriptive statistics were applied to report fibre intakes, adjusted for energy intake (g 
fibre/10MJ) for the whole study sample (n=377),with paired t-tests to examine changes 
between baseline and three months for a study sample with complete food intake data 
(n=293). The mean and distribution of intakes of dietary fibre categories at baseline and 
three months were determined, and a partial correlation on the baseline data was used to 
identify any associations between fibre type intake and health variables.  ANOVA was 
used to determine the significance of changes in fibre intake between groups and between 
quartiles of fibre intake values (g/10MJ) between baseline and 3 months.. In order to 
further examine the utility of the FCD, it was applied to data from a cross sectional 
population health survey, the 2011-12 NNPAS. The NNPAS included 12,153 participants 
aged 2-85 years and dietary data was collected in the form of a 24-hour dietary recall of 
food, beverages and supplements over two separate days. The multiple source method 
was employed in this study [1]. Descriptive statistics were used to calculate the mean, 
standard deviation, median and IQR for fibre intake in each age category, which were 
based on NRVs for each age category. Fibre intake values were reported as absolute total 
fibre intake (g/day) and energy adjusted fibre intake (g/10MJ/day). Survey respondents 
were divided into quartiles based on energy adjusted fibre intakes. An ANOVA and the 
Tukey HSD post-hoc test was used to examine differences between fibre intakes for 
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different anthropometric or health variables. An independent t-test was used to determine 
if there were significant differences between males and females diagnosed with a health 
condition (diabetes, hypertension, and hypercholesterolemia) relative to fibre intakes.  
Results: In total, 2624 foods were included in the FCD, creating the best available data 
for soluble and insoluble fibre for the included foods at the time of development. The 
application of the FCD to the clinical dataset (HealthTrack) produced an adjusted mean 
daily fibre intake at baseline for the analysis sample (n=377) of 29.5g total dietary 
fibre/10MJ; 17.1g IDF/10MJ & 6.6g of SDF/10MJ. The application of the FCD 
confirmed known features of fibre reported in the literature on the relationship between 
dietary fibre and body weight. When the FCD was applied to dietary intake data it showed 
that when dietary guidelines are advised in the clinical setting, fibre consumption may 
increase but this was not unique to any one fibre category. When applied to a population 
survey dataset (NNPAS), the reported median total fibre intake ranged between 13.2g and 
17.4g for male children, and 11.8 and 14.7 for female children; while the median total 
fibre intake for adult males was 18.9g and females was 16.7g. The median insoluble fibre 
intake for adults was 9.8g/day for males and 8.8g/day for females; while soluble fibre 
intake was 4.3g/day for males and 3.7g/day for females. After adjusting for energy intake, 
the highest median fibre intake was found in those individuals in the healthy weight range. 
Mean total fibre intake ranged from 18.4 in the lowest quartile, to 37.9g in the highest 
quartile of fibre intake adjusted for energy, which was reflected by increases in both 
insoluble and soluble fibre.  
Conclusions: The creation of the FCD provided a useful tool to analyse fibre type intake 
data and possible health outcomes in the context of a whole diet. The database presented 
an opportunity to examine dietary fibre intakes in different settings, in this case a clinical 
trial, and a large population survey. The database provides a foundation on which dietary 
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fibre categories data can be examined but requires further expansion in future research. 
This thesis demonstrates the applicability of the FCD to both a small clinical and large 
population dataset. It proved useful in providing more detail into the types of fibre 
consumed in a population sample, with limited demonstration of additional value in 
defining fibre category/health relationships.  Consideration can however, be given to 
broadening research on fibre-health relationships in a population, and then how this may 
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Dietary fibre has been consumed for centuries for its associated health benefits [2, 3] as 
part of the carbohydrate fraction within food. Different types of dietary fibre have 
different physiological properties, which is likely a reflection of the different chemical 
structures of fibre and relative proportions of different fractions within the fibre [4]. 
Dietary fibre is essential for adequate gastrointestinal function, and it is well established 
that dietary fibre plays a role in reducing risk of chronic diseases such as heart disease, 
diabetes and certain cancers [5]. This includes data from meta-analyses of over 135 
million person years indicating that a fibre intake of 25-29g/day confers the greatest risk 
reduction for conditions such as cardiovascular disease and type 2 diabetes [6]. In 
Australia, chronic diseases are the leading cause of morbidity and mortality [7], and many 
observational and experimental studies have examined the relationship between dietary 
fibre and risk factors for these diseases, such as hypertension, central obesity, insulin 
sensitivity and elevated cholesterol levels [8]. Despite the benefits of adequate dietary 
fibre intakes, the mean intake of dietary fibre in Australia falls short of recommended 
levels. The National Health and Medical Research Council (NHMRC) recommends an 
adequate intake (AI)1 of 25g per day for females and 30g per day for males [9], however 
current intakes in Australia fall short of this recommendation, with more than the 
predicted one in two children, and seven in ten adults not meeting the AI [10]. Studies 
have demonstrated that significant savings could be made in healthcare expenditure if 
Australians were able to increase their consumption of dietary fibre [11]. Despite the 
evidence and the importance of fibre in the diet, very few recent studies have been 
                                               
1 The AI is set at the median for dietary fibre intake in Australia and New Zealand based on the 1995 
National Nutrition Survey of Australia and the 1997 National Nutrition Survey of New Zealand. The value 
within each gender was set for all ages at the highest median of any of the age groups plus an allowance 
of slightly more than 4 g/day for men and slightly less than 3 g/day for women for the component of RS 




conducted to describe the intake of dietary fibre components compared to total fibre 
intake [12], which may be relevant to the targeting of dietary advice.  
Given the health benefits of dietary fibre, most countries, including Australia, include 
dietary recommendations for fibre, however these recommendations rarely go beyond a 
recommendation for total dietary fibre. Guidelines suggest targets for fibre intakes, such 
as the AI, and dietary guidelines suggest including high fibre foods, such as whole grains, 
fruits and vegetables. There is little guidance towards the specific types of fibres to be 
consumed, or the proportion of different fibre containing foods that should be included in 
the diet to achieve an optimum intake.  
There is a range of evidence for the health benefits of consumption of different dietary 
fibres. Many studies examine individual fibres. For example, β-glucan from oats and 
barley is recognised for cholesterol lowering and glucose attenuation effects. It is broadly 
classified as a soluble fibre. Wheat fibre has a much greater proportion of insoluble fibres 
and is associated with laxation. However, there is a general lack of information regarding 
intake of different dietary fibres and also, if these fibres are to be grouped together by 
such terms as “soluble” and “insoluble”, little information exists on intake of these broad 
categories of dietary fibres. There are no useful databases or systems to quantify fibre 
types or categories, meaning that studies investigating dietary fibre fail to determine if 
there should be individual recommendations for different types of fibre. Given that 
specific health outcomes are related to certain types of fibre, it may be important to 
provide more detailed guidance on dietary fibre types or categories to individuals and 
populations, depending on their risk factors or health goals in order to achieve better 
health outcomes. In order to examine this, investigators first need to understand the range 
of health outcomes associated with different fibres, but also need to be able to quantify 
intakes of these fibres in a population, to gain an understanding of any health outcomes 
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that can be observed and if these could be related to consumption of different types of 
fibres. Therefore, this thesis focuses on opportunities to quantify different categories of 
dietary fibre and examine if quantification of different fibres can be applied to data related 
to health outcomes to prove useful in determining a need for individual dietary fibre 
recommendations. While this thesis uses soluble and insoluble fibre classifications as an 
example, it must be acknowledged that fibres may vary widely and have qualities that 
may better fit along a continuum rather than a dichotomous classification system. 
However, to investigate if fibre categories may be useful in understanding health and 
disease, commencing with a traditional model (such as soluble/insoluble classification) 
provides a basis for initial studies. 
In order to understand the relevance of fibre categorisation and its potential relevance to 
health outcomes it is important to firstly identify new horizons for the study of dietary 
fibre and health, but critically, how this may necessitate review of descriptions of dietary 
fibre, measurement and definitions. Therefore, the literature reviewed in this chapter 
includes recognised definitions and categories of fibre, measurement methods, food 
sources and possible health benefits. Cereal fibre, generally more so than dietary fibre 
from other sources, has been associated with a reduced risk of chronic diseases such as 
cardiovascular diseases, type II diabetes, and gastrointestinal cancer on the basis of large-
scale prospective studies [13]. Therefore here, cereal sources of fibre are used to 
exemplify contrasts between defined physiological effects and those additional effects 
which may be attributable to fibre with new evidence. 
1.2 Research in Dietary Fibre 
One of the first challenges in undertaking research lies in characterising the object of 
study.  The definition of dietary fibre is elusive because it can relate to chemical 
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compounds (e.g. cellulose) defined by structure, or functional properties (e.g. solubility), 
or both structural and functional properties. While Hippocrates mentioned the 
beneficial effects of dietary fibre in 400BC, it is generally believed that the term 
dietary fibre was first used by Hipsley in 1953 in reference to the non-digestible 
constituents that make up the plant cell wall- celluloses, hemicelluloses and lignin [14-
16]. Since then, the definition has evolved considerably, having undergone many 
revisions [2, 3, 14]. Prior to the 1970’s the physiological function of dietary fibre was 
largely ignored. Burkitt et al. were among the first to suggest that dietary fibre, and in 
particular cereal fibre, not only influenced transit time, bulk and consistency of stools, 
but also affected the chemical and bacteriological processes that take place in the intestine 
[17]. As the scientific understanding of dietary fibre has increased, the definition has 
evolved to include a broader range of substances, and a greater set of significant 
physiological roles [18]. So, in contrast to early chemical definitions, or describing it as 
parts of carbohydrate “not digested”, dietary fibre is now primarily considered for its 
physiological effects, and with a chemical determination of quantity required to quantify 
dose effects.  
The accuracy of the definition is essential to legislators and the food industry to avoid 
confusion as new compounds are identified or designed that have the chemical properties 
of dietary fibre, but lack the functional properties, or vice versa. A universal definition, 
or consistency among definitions, is also necessary for food labels [19] for consumers to 
use when deciding on healthy food choices. The definitions of dietary fibre must 





1.2.1 Issues Arising from the Definition of Dietary Fibre 
Recent definitions of dietary fibre, with subtle differences, have been described by the 
American Association of Cereal Chemists- International (AACC-International), the 
Codex Alimentarius Commission (CAC), the Food and Nutrition Board (FNB), the 
European Commission (EC) and Food Standards Australia and New Zealand (FSANZ) 
[5, 19-22]. While there is no universally accepted definition of dietary fibre, all existing 
definitions recognise fibre to be a group of carbohydrate polymers and oligomers (and 
lignin) that escape digestion in the small intestine and pass into the large bowel, where 
they are partially, or completely, fermented by the gut microbiota [18, 23].  
The differences in definitions arise over three main areas: 
1. Degree of polymerisation: Inclusion or exclusion of carbohydrates as classes of 
fibre with a degree of polymerisation (DP) >3 and <10 is debated. While most 
definitions of dietary fibre include a chemical and/or a functional aspect, not all 
countries adopt dietary fibre definitions that include carbohydrate polymers with 
a DP 3-9 [24]. The CAC state that the decision to include carbohydrates of 3 to 9 
monomeric units should be left up to national authorities. If national authorities 
decide on the inclusion of DPs 3-9 this will result in two possible definitions of 
fibre across the globe, leading to inconsistencies in terms of food labelling, food 
composition tables and reporting results of dietary fibre research. Unavailable 
carbohydrate polymers of 3-9 DP are already part of the dietary fibre definitions 
proposed or adopted by several regulatory authorities including those in Canada, 
Australia, New Zealand and others from the European Union [20, 24, 25]. It has 
been suggested that the exclusion of DPs 3-9 does not make sense analytically, or 
seem logical from a physiological point of view since these substances fit the 
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dietary fibre definitions in all other aspects- they are neither digested nor absorbed 
in the small intestine, they are fermentable in the large intestine and they have 
physiological effects [23]. 
2. Relationship to food and food processing: There is also some discussion on 
whether the unavailable carbohydrate fibre must be intrinsic or extrinsic to the 
food. Most definitions recognise that dietary fibres can be extracted from edible 
material (intrinsic) or modified and added back into a food (extrinsic) [18, 23]. In 
Australia, the definition of dietary fibre includes isolated and synthetic non-
digestible fibres [26], which is in contrast to the definition of dietary fibre 
presented in the CODEX Alimentarius Commission 2009, which includes 
synthetic carbohydrate polymers only if they have a demonstrated and accepted 
health benefit [20].  
3. Physiological effects: At present, the “assigned” physiological effects supported 
by evidence [14] are laxation, attenuation of blood glucose response and 
cholesterol lowering effects. However other effects, such as those directly 
affecting gut microbiota and associated permeability, or appetite may also be 
relevant. Specific effects are variable depending on the type of fibre, meaning a 
single definition listing broad ranging effects is somewhat generic, and less 
descriptive than may be required [5, 19-22]. 
1.2.2 Development of methods for measuring dietary fibre to reflect evolving 
definitions 
The definition and measurement of dietary fibre are interdependent. Since dietary fibre 
can also be a multicomponent mixture, it is essential that methods measure all known 
components. Definitions and analytical methods have evolved over time, and an 
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understanding of both is necessary when examining data [27, 28]. For example, if the 
functional definition of a fibre relates to human health, methods will need to have accurate 
assessments of dietary intake, any changes that have occurred in food processing, the 
effects of digestion and include reliable and accurate measures of physiological effects. 
The CAC defines four types of methods for the measurement of dietary fibre; type I 
(defining methods), type II (reference methods), type III (alternative approved methods) 
and type IV (tentative methods), each with its own range of applicability. Given the 
agreement that fibre is indigestible, and the chemical structure is diverse, a number of 
different methods have evolved to estimate the quantity of fibre in foods. Several methods 
are available for the measurement of dietary fibre in plant and food products [19]. The 
Codex Committee on Methods of Analysis and Sampling have approved 14 methods for 
the measurement of dietary fibre: eight as type I methods, five as type II and one as type 
III [25].  
AOAC 985.29 and AOAC 991.43 have been the main methods for dietary fibre analysis 
for many years. The AOAC 985.29 method measures the total high molecular weight 
dietary fibre (HMWDF) directly, while the AOAC 991.43 method distinguishes between 
insoluble and soluble HMWDF. The drawback of these methods is that they are 
inappropriate for the measurement of low molecular weight dietary fibre (LMWDF), such 
as inulin, FOS, GOS and polydextrose, and they measure only RS2 and RS3 categories 
of resistant starch (Resistant starch is a diverse range of materials and a number of types 
exist- categorised as RS1-RS5). Specific AOAC methods have therefore been developed 
to differentiate the different fibre constituents separately. The large number of available 
methods makes method selection difficult for an unknown sample, and applying more 
than one method (for example, the broad classical and specific methods) would be 
inappropriate since there is considerable overlap between these methods. This is in 
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addition to adding significant cost to sampling and determination of fibre fractions with 
multiple methods [28].  
In 2007, a new method for the integrated measurement of total HMWDF, LMWDF and 
resistant starch was described [27]. This method was subsequently accepted as AOAC 
2009.01 total DF method. This method has eliminated the need for both AOAC 985.29 
and the specific methods for measuring LMWDF and RS1, RS2 and RS4 [28]. The 
AOAC 2011.25 method was developed as an extension of AOAC 2009.01 and enables 
differentiation between the soluble and insoluble HMWDF fractions, of which the sum 
equals the HMWDF as measured with the AOAC 2009.01 method [28, 29]. Therefore, of 
the approved methods, only AOAC Method 2009.01, 2011.25 and the now further 
updated version AOAC Method 2017.16 [30] claim to measure the total content of dietary 
fibre as defined by the CAC, with no double counting of any components (Table 1.1) 
[25]. More recent studies have shown an imperfection in the AOAC 2009.01 method for 
high starch containing matrices, whereby the available starch and maltodextrins were not 
fully converted into glucose and maltose by the enzymatic hydrolysis, resulting in minor 
amounts of residual malto-oligossacharides still present in the LMWDF fraction, which 
will erroneously be quantified as LMWDF [28, 31]. To overcome this, AOAC 2017.16 
was developed, and measures all dietary fibre components in all foods and ingredients 
[30]. The choice of these newer methods is most important in foods with significant 
amounts of LMWDF, not captured in some other methods.   
As noted by McCleary 2013, for certain foods original determinations of TDF are 
substantially inadequate, omitting large quantities of RS, amongst other fibres [25]. For 
example, a wide variety of legumes show dramatically reduced HMWDF values because 
of solubilisation and hydrolysis of RS when using the older method AOAC 991.43 
compared to the newer integrated dietary fibre determinations. As a result, dietary fibre 
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guidelines, often developed with the input from major epidemiological studies would 
underestimate the amounts of dietary fibre certain populations are eating. The impact 
would be far less in a population where foods such as wheat are staples, with original 
methods capturing the fibre types in these foods. Dietary databases are only as valid as 
the methods used to determine their content. Until substantial retesting of foods is 
performed with new methods, it is difficult to estimate if recommendations for dietary 
fibre intake for populations are significantly biased towards foods containing fibres 
measured in original dietary fibre methods.  
From a food labelling perspective, the basis of labelling is to allow comparison for 
consumers. A single erroneous or incomplete method may only affect certain foods. A 
system allowing multiple methods is complicated when direct comparisons between 
foodstuffs would be based on different analytical methods, some which do not measure 
certain fibre types. Clarity for food manufactures on new methods and when they should 
be applied is critical research for analytical chemists. Interestingly, in Australia, FSANZ 
has only recently proposed acceptance of AOAC 2002.02 as a method of analysis for 
resistant starch as a specifically named dietary fibre [32]. Previously there was no specific 
method included for the measurement of RS in nutrition labelling legislation in Australia 
and New Zealand. FSANZ has not yet adopted any versions of the rapid integrated 







TABLE 1.1 Components measured by various methods of dietary fibre analysis [19, 25] 
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1.2.3 Categorisation of Fibre in Food 
We eat dietary fibre for its health benefits and so the most widely accepted definitions 
have related to the physiological and metabolic significance.  Despite this, scientists and 
regulators tend to rely on analytical procedures as the basis for definition, resulting in a 
lack of clarity on the  components of dietary fibre, and problems for determining the best 
method for classifying fibre components in foods [3, 14]. 
The most widely accepted approach to classifying fibre in foods is to differentiate the 
different forms based on (1) their solubility in a buffer at a defined pH, and/or (2) their 
fermentability in an in vitro system, mimicking human alimentary enzymes [3]. Since 
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most fibre types are at least partially fermented, it is also now commonly accepted to 
classify fibre as partially or poorly fermented, and well-fermented. Generally (not 
universally), well-fermented fibres are soluble in water, while partially or poorly 
fermented fibres are insoluble. There are other classification systems such as those based 
on the role of fibre in the plant, the type of polysaccharide, the degree of simulated 
gastrointestinal fermentability, the site of digestion, and others based on products of 
digestion and physiological classification [3]. There are complications with each 
classification system, as dietary fibre fractions consist of a wide range of different 
compounds, each with a unique chemical structure and potentially a range of 
physiological effects. 
Classification of dietary fibre as either soluble or insoluble fibre is a common 
classification system used in many analytical methods of fibre determination [29]. In 
2010, the  European Food Safety Authority (EFSA) on the substantiation of health claims 
related to dietary fibre [33] noted that “soluble” and “insoluble” have been used in the 
literature to classify dietary fibre in an attempt to link different physicochemical 
properties of fibre components to different physiological effects. Whilst there are clear 
examples of both soluble fibres and insoluble fibres, there are a large number of dietary 
fibre types found in foods which either have elements of both soluble and insoluble fibre, 
or which have highly hydrated but insoluble forms. This range of solubility creates a 
physical continuum stretching from highly soluble fibres, to poorly soluble, swollen gel-
like networks through to insoluble fibres [34]. Like all classification systems, classifying 
fibres according to soluble and insoluble fibres has its limitations. Given the continuum 
for fibre solubilities, it can be difficult to place fibres perfectly into one category, and 
health benefits that may be attributed to some soluble fibres may not be attributed to 
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others, for example, different health benefits can be attributed to highly viscous soluble 
fibres compared to those that are significantly less viscous or even more gel-like [35].   
Given these limitations, there is a growing trend to classify fibres based on their viscosity 
and fermentability. Since research shows that the physiological effect of a fibre is closely 
related to its physiochemical properties, it has been suggested that replacing the terms 
soluble and insoluble with terms relating to the physiochemical properties of fibres, This 
might be a better classification system since it aligns more closely with the observed 
health outcomes, with viscous fibres capable of altering blood glucose and cholesterol 
levels, while fibres that are either slowly, incompletely or essentially not fermented in the 
large intestine providing bulk and optimising laxation [36]. However, this system is not 
without its own limitations. For example, as every individual has a unique microbiome 
[37], the degree of fermentability is only generically similar for a particular fibre, rather 
than specific to the point of being able to classify fibres on their fermentation. 
It is important to recognise that no current classification system is able to effectively 
classify the wide range of components currently included in the definition of dietary fibre. 
Therefore it is critical to recognise that the physiological functions of fibre will be 
dependent on the size, composition and physiochemical properties of individual fibres 
[38]. More work is needed in this area in order to elucidate if there is a more effective 
classification system than those that are currently generally accepted in the scientific 
literature and in particular, if further differentiation by classification would better describe 
or group together those fibres with similar physiological properties. 
1.3 Health Effects of Dietary Fibre 
Epidemiological research on dietary fibre tends to focus on whole foods (not individual 
fibres), which form the basis of a diet. A recent meta-analysis by Huang et al. (2015) 
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found that high consumption of whole grains or cereal fibre was significantly associated 
with reduced risk of all-cause mortality and death from CVD, cancer, diabetes, respiratory 
disease, infections, and other causes, suggesting that the protective effects of whole grains 
may be due, at least in the main part, to its cereal fibre component [39]. As whole grain 
cereals are a rich source of fibre and other bioactive compounds, the precise physiological 
effects exerted by whole grain cereals are still being elucidated [40], however studies 
have suggested that it is dietary fibre that largely determines the quality of cereal foods 
[41].  Fibre can also help to reduce the energy density of foods owing to its bulking 
effects, and promoting satiety [4]. Effects of other fibres in other foods, namely fruit and 
vegetables, and not surprisingly chemical adaptations of naturally occurring fibres known 
as  synthetic fibres, are also relevant although the effects are less well elucidated [42]. 
Demonstrating health effects requires the systematic review methodologies in addition to 
defining and classifying fibre.  These methodologies are made transparent in the 
development of dietary guidelines and nutrient reference values. Briefly, an integrated 
analysis of several clinical trials provide the highest level of evidence of effects, then 
lower levels of evidence are reviewed, such as large scale observational studies 
comparing consumption patterns with health outcomes [43].  Studies of the mechanisms 
of effects add to the plausibility of these observations and generate hypotheses for clinical 
studies, but do not in themselves provide evidence for practice. The integration of this 
form of knowledge is an interdisciplinary effort and results in various nutrient reference 
values and dietary guidelines developed in various countries, with significant consistency 
between nations.  
Using this systematic evidence process, the following physiological effects have been 
attributed to dietary fibre and will be discussed in detail throughout this review:  
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ü increased faecal bulk/ laxation;  
ü reduced total and/or LDL serum cholesterol levels;  
ü attenuation of postprandial glycaemia/insulinaemia;  
ü reduced blood pressure;  
ü decreased gastrointestinal transit time;  
ü increased colonic fermentation/ short chain fatty acid production; 
ü  positive modulation of colonic microflora;  
ü weight loss/reduction in adiposity;  
ü increased satiety; 
ü beneficial effect on mineral absorption; and 
ü a protective role in the prevention of colon cancer  
There are many different forms of fibre in food and there is also a wide range of foods 
delivering fibre (Table 1.2).   
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Table 1.2 Dietary Fibre Fractions and Food Sources 
Category Fibre Description Sources 
High Molecular Weight 
Dietary Fibre 
(HMWDF) - Soluble 




Hemicelluloses are cell wall polysaccharides containing 
sugars other than glucose. They are associated with cellulose 
in the cell wall and present in both soluble and insoluble 
forms [2, 4]. Hemicelluloses include arabinogalactans, β-
glucans, arabinoxylans, glucoronoxylans, xyloglucans, 
galactomannans, and pectic substances [3]. 
Arabinoxylan and Arabinogalactan are a 
major component of dietary fibre in many 
plants [44, 45] 
 
 
Pectin Pectin is a water-soluble polysaccharide, which escapes 
digestion in the small intestine, and is easily degraded by 
microflora in the colon. Pectins are able to form gels or 
thicken a solution inside the human GI tract, which is the 
likely mechanism behind the health effects of this 
polysaccharide [44].  
Pectins are found in fruits and vegetables. 
While fruits contain the most, 15-20% of the 
fibre in vegetables, legumes and nuts is 
pectin. Sugar beet and potatoes are sources 
of pectin, as well as citrus fruits, which 
contain between 0.5-3.5% pectin, mostly 
located in the peel. Pectins also have a 
functional ingredient role [4, 44].  
B-glucan β-Glucans are a heterogenous group of non-starch 
polysaccharides, consisting of D-glucose monomers linked 
by β-Glycosidic bonds. β-Glucans are generally classified as 
a soluble dietary fibre, with 65% of β-Glucan from barley, 
and 82% of β-Glucan from oats, being water soluble [46, 
47].  
The β-Glucan content of cereals is highest in 
barley (5-11%) and oats (3-7%) [48], with 
lesser amounts also found in sorghum (1.1-
6.2%), rye (1.3-2.7%), maize (0.8-1.7%), 
triticale (0.3-1.2%), wheat (0.5-1%), and rice 
(0.13%) [46].  
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Gums & Mucilages Gums and Mucilages are both water-soluble dietary fibres 
and are used as gelling agents, thickeners, stabilises and 
emulsifying agents [4].  
Gums are hydrocolloids derived from plant 
exudates, seeds and seaweed extracts. 
Mucilage is a gelatinous substance related to 
natural gums[4].   
Cellulose Cellulose is the major cell wall component in plants and 
comprises of up to 10,000 closely packed, unbranched, 
glucose units arranged linearly.  This strong mechanical 
structure of cellulose means it is insoluble, and resistant to 
digestion by enzymes in the human gastrointestinal system 
[2, 3].  
Cellulose forms about a quarter of the 
dietary fibre in grains and fruits, and one 
third in vegetables and nuts. Wheat bran is a 
rich source of cellulose [4, 18]. 
 
Lignin Lignin is not a polysaccharide but is a polymer of 
phenylpropane units. It is chemically bound to hemicellulose 
in plant cell walls, and is therefore considered a component 
of dietary fibre [19].  
Lignin is found in foods with a woody 
component, e.g. celery and the outer layer of 







- Fructans (Inulin & 
FOS) 






Resistant oligosaccharides are characterised by 
carbohydrates with a low DP- typically they are a chain of 
monomeric units with a DP of 3-10 [3]. Oligosaccharides are 
water-soluble, are typically fermentable and some have 
prebiotic properties [4]. Resistant oligosaccharides include 
Fructans & GOS.  
 
Fructans, which includes inulin and oligofructose, are 
soluble and fermentable dietary fibres. They escape digestion 
in the upper part of the GI tract, and their physiological 
Oligosaccharides occur naturally in many 
foods, however they can also be 
commercially produced [53], e.g. Inulin can 
be used to improve taste and mouthfeel of 
food products, replacing fat or soluble 
carbohydrates without affecting the taste and 
texture. [44]. Naturally occurring inulin is 
found in wheat and in a variety of fruits and 
vegetables, including onions, garlic, leek, 











effects stem from their fermentation in the lower GI tract 
[49]. Inulin is a polymer of fructose monomers. 
Fructooligosaccharides are a mixture of sugar chains formed 




The α-galacto-oligosaccharides raffinose and stachyose, also 
known as raffinose family oligosaccharides (RFOs), are 
commonly found in legumes [51, 52]. α-GOS are not 
digested in the upper gastrointestinal tract and reach the large 
intestine where they undergo fermentation by the gut 
microbiota [51].  
Fructooligosaccharides are natural 
compounds found in a wide variety of fruits, 
vegetables and cereals. Asparagus, sugar 
beet, garlic, chicory, onion, Jerusalem 
artichoke, wheat, honey, banana, tomato and 
rye are sources of FOS [53]. 
 
Seeds of legumes, lentils, peas, beans, 
chickpeas, mallow, composite and mustard 
are rich in raffinose oligosaccharides [53]. 
 
Synthetic Analogues Examples of synthetic 
carbohydrate compounds that 
are considered dietary fibre are: 
- polydextrose (DP 12); 
- synthetic derivatives 
of cellulose and 
- indigestible dextrins 
(such as maltodextrin 
and wheat dextrin) 
Analogous carbohydrates are those polysaccharides that have the digestion resistance, fermentation and 
physiological properties of naturally sourced dietary fibres [54]. Artificially synthesised carbohydrates with 
the properties of dietary fibre included in the definition only if they show beneficial health effects as 
demonstrated by the scientific evidence. Polydextrose is a non-digestible carbohydrate polymer, with a DP of 
12. It is synthesised from glucose and sorbitol, using an organic acid (citric acid) as a catalyst. It is partially 
fermented in the colon and has bulking and prebiotic properties [18]. Cellulose derivatives prepared 
synthetically, like its parent cellulose, are non-digestible. These include methylcellulose (MC), 
carboxymethylcellulose and hydroxypropylmethyl cellulose (HPMC). These are soluble, but are hardly 
fermented by the colonic microflora.  Resistant dextrins are synthetic and are formed when starch is heated at 
alkaline pH and treated with enzymes, resulting in a material of DP equal to 15. They are partially 
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indigestible by enzymes in the human digestive tract and are partially fermented in the colon, thus 
physiologically considered dietary fibre [18].  
Resistant Starch  Resistant starch includes any starch not digested in the small 
intestine [44]. RS is an extremely broad and diverse range of 
materials and a number of different types exist, categorised 
as RS1- RS5. [55]. 
Naturally occurring resistant starch is found 
in whole grains, legumes, cooked and chilled 






A well-known function of dietary fibre is in promotion of laxation. High fibre diets result 
in a larger and softer mass in the large intestine, which responds by contracting, thereby 
moving the contents towards excretion. Consumption of insoluble dietary fibre is well 
established for its role in increasing faecal bulk and decreasing transit time, thereby 
helping in the prevention and treatment of constipation [56]. Fibre in mixed diets, legumes 
and whole grain products are particularly effective promoters of normal laxation, as are 
cereal brans, psyllium seed husk and methylcellulose in the form of supplements [57]. 
While, the majority of laxation effects are associated with insoluble dietary fibres, 
fructans (which are soluble) have been shown to have a beneficial effect in the large 
intestine, with inulin consumption leading to an increase in stool frequency [58]. 
Synthetic carbohydrate analogues have also been shown to play a role in improved 
laxation and regularity [59].  
1.3.2 Postprandial Glucose and Insulin Reponses 
Dietary fibre has been shown to play a role in reducing post prandial blood glucose and 
insulin responses, and has been extensively studied for some types of dietary fibre. The 
effects may be related to the physicochemical properties of dietary fibre. [60]. In 
particular, the viscosity of a fibre, is recognised as affecting physiological responses in 
relation to glucose absorption. Viscous dietary fibres thicken when mixed with fluids; 
they include polysaccharides such as gums, pectins, and β-glucans. The degree of 
thickening when exposed to fluids depends on the chemical composition and 
concentration of the polysaccharide [61]. Since the intake of soluble dietary fibre 
increases viscosity of the stomach content, viscous fibres have been associated with 
prolonged gastric emptying, slower transit time through the small intestine and reduced 
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rate of starch digestion and glucose absorption, resulting in alterations in blood glucose 
and cholesterol concentrations [60, 61]. In particular, research has been conducted on the 
effects of arabinoxylan (AX), β-glucan, FOS and synthetic carbohydrate analogues, such 
as dextrins, along with insoluble resistant starches. 
 In a randomised, single-blind, controlled, crossover trial the consumption of AX has been 
shown to significantly lower the postprandial response of serum glucose, insulin and 
triglycerides [60]. Dietary intervention studies have shown that β-glucan can reduce post-
prandial glucose and insulin responses [62].  
A study in healthy subjects who consumed 20g of FOS per day showed a moderate 
significant decrease in hepatic glucose production, however no reduction in fasting 
plasma glucose concentrations was observed [63]. The modification of glucose 
metabolism induced by FOS supplementation could be mediated by the short chain fatty 
acids (SCFA) produced as a result of FOS fermentation in the colon [63].  
Resistant dextrins have been shown to reduce the post-prandial blood glucose 
concentrations in healthy subjects, as well as significantly reduce fasting blood glucose 
concentrations, serum total cholesterol and triacylglycerol concentrations in subjects with 
type 2 diabetes [59]. A randomised controlled trial by Li et al. (2010) showed that 
indigestible dextrin supplementation improved all markers of glucose metabolism, with 
reductions in glucose and insulin, and improvement in all lipid measures, with increases 
in high-density lipoprotein (HDL) cholesterol and reductions in total cholesterol, low-
density lipoprotein (LDL) cholesterol, very low-density lipoprotein (VLDL) cholesterol, 
and triglycerides in overweight subjects [64]. In a study where healthy subjects were 
given either 50 g of carbohydrate from gamma-cyclodextrin (GCD) or a rapidly digested 
maltodextrin (MD), results showed that peak plasma glucose and insulin concentrations 
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were 47% and 45% lower (respectively) after subjects consumed GCD compared with 
MD.  
RS has been shown to significantly lower postprandial glucose and insulin responses [65, 
66], and in some studies used to examine the health effects that arise as a result of 
combining different types of dietary fibre. A dietary intervention study conducted by 
Behall et al. (2006b) found that consumption of both RS and β-glucan improves 
postprandial plasma glucose and insulin in women. Normal weight and overweight 
women (n=20) were fed test muffins that contained varying amounts of RS and β-glucan. 
The study found that compared with low β-glucan, low RS muffins, glucose and insulin 
area under the curve (AUC) decreased when β-glucan (17% and 33% respectively) or RS 
(24% and 38% respectively) content was increased. The greatest AUC reduction occurred 
after meals containing both high BG and high RS (33 and 59% for glucose and insulin). 
The authors concluded that the reduction in glycaemic response was enhanced by 
combining RS and soluble fibre, and that consumption of foods containing moderate 
amounts of these fibres may improve glucose metabolism in both normal and overweight 
women [67]. This finding is important because it shows some synergistic effects could 
exist when foods contain multiple fibres (as is the case in some foods or in a whole of diet 
context). In summary, primarily soluble fibres have been linked with glucose lowering 
effects, while there is also some evidence that resistant starch is effective at, or adds to 
the dietary fibre effect, of blood glucose attenuation.  
1.3.3 Cholesterol Lowering Effects 
Elevated total and LDL-cholesterol levels are considered major risk factors for 
cardiovascular disease, a leading cause of death worldwide. The cholesterol lowering 
effect of dietary fibre is one of the most well documented health effects of dietary fibre. 
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The mechanism by which soluble fibres lower cholesterol is most likely similar to effects 
on blood glucose, with the mechanism related to the physical properties of the soluble 
fibre. Soluble fibres form a viscous layer in the small intestine and by increasing gut 
viscosity it reduced the reabsorption of bile acids, in turn increasing the synthesis of bile 
acids from cholesterol and reducing circulating blood cholesterol [68]. 
The role of some dietary fibres, such as β-glucan in lowering serum cholesterol has been 
extensively studied. The U.S. Food and Drug Administration (FDA) and European Food 
Safety Authority (EFSA) have concluded a minimum dose of 3g/day of oat or barley β-
glucan is needed for a beneficial reduction in blood cholesterol levels and subsequent 
decrease in the risk of coronary heart disease [68]. A systematic literature review by 
Othman et al. (2011) highlighted that intake of at least 3g of oat β-glucan per day may 
reduce plasma total and LDL cholesterol levels by 5-10% in normocholesterolemic or 
hypercholesterolemic subjects [68], while a meta-analysis of 28 controlled trials showing 
that oat β-glucan in doses greater than 3g/day can reduce total blood and LDL cholesterol 
levels by 0.25 mmol/L and 0.30 mmol/L, respectively, without changing HDL cholesterol 
or triglycerides, showing a greater magnitude of effects than previous studies when only 
high MW (and therefore viscous) β-glucan is examined [69]. These findings are again 
important, as the effects documented are greater than previous meta-analysis [70] because 
the physico-chemical properties of the fibre considered. 
Brown et al. (1999) showed a statistically significant dose response lowering effect of 
pectin on total cholesterol (TC) and LDL cholesterol at 2.2-9g/day, with 1g of pectin/day 
lowering LDL-C 0.05mmol/L [70, 71]. The same meta-analyses also concluded that for 
each gram of water soluble fibre from psyllium lowered total and LDL cholesterol levels 
by -0.028 mmol/L and -0.029 mmol/L respectively [70]. Psyllium has been shown to 
lower serum and LDL cholesterol in subjects with elevated serum cholesterol, in subjects 
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with non-insulin dependent diabetes and in subjects receiving lipid-lowering drug therapy 
[70, 72]. Similarly, one gram of guar gum fibre lowered serum cholesterol and LDL 
cholesterol by -0.026 mmol/L and -0.033 mmol/L, respectively, even with lipid lowering 
drugs [70]. 
There is conflicting evidence in regard to the role of fructans and their effect on serum 
cholesterol levels. A study performed in subjects with non-insulin dependent diabetes 
with poorly controlled glucose and/or serum lipids showed that daily intake of 8g of FOS 
significantly reduced fasting blood glucose levels, serum total cholesterol levels and 
LDL-cholesterol levels. The levels of serum HDL-cholesterol, triglycerides or free fatty 
acids were not significantly affected [73]. The cholesterol lowering effect of some fibre 
types still needs much more work, with studies having been conducted in animal models 
and yet to be translated into humans. As with the role of soluble fibre in blood glucose 
attenuation, there is strong evidence demonstrating the cholesterol lowering abilities of 
soluble fibres rather than insoluble fibres [74].  
1.3.4 Gut Microbiota and Prebiotic Effects 
The human gut microbiota are composed of bacteria, fungi, protozoa, yeasts, viruses and 
bacteriophages. Bacteria are the major component of gut microbiota, having highly 
complicated interactions among bacteria themselves, with their host and diet. Although 
not fully understood, research shows that the gut microbiota plays a vital role in normal 
digestive functions of the host, maturation of human immunity, brain development and 
defence against pathogens. Dysbiosis is associated with the pathogenesis of many 
diseases, including infectious diseases, allergy or asthma, inflammatory bowel disease, 
obesity, diabetes, liver disease and colon cancer [75]. The mechanisms by which the 
intestinal microbiota induce these effects is not completely understood, but some 
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hypotheses have been suggested, including; increasing the colonisation of favourable 
bacteria in the colon to compete with pathogenic microorganisms, synthesising energy 
for cells of the gut wall through the fermentation of carbohydrates to SCFAs, increasing 
stool bulking and intestinal transit, modulating the immune system and modulating gene 
expression and cell differentiation in the gut wall [76]. 
Gut microbiota can be affected by many factors, including diet. Dietary fibre has been 
shown to be beneficial to human health through its physiological effects in the gut, 
including acting as a prebiotic to selectively enrich beneficial gut bacteria [75]. Beneficial 
bacteria are generally referred to as those who have a function in enhancing gut 
development or digestibility, or improving host nutrition, immunity or resistance to 
enteric pathogen infection [75]. Generally, bacteria having an almost exclusively 
saccharolytic metabolism can be considered beneficial because of their metabolic 
function and end products. Such a metabolic function is typical for lactobacilli and 
bifidobacteria [76]. Prebiotics are defined as non-digestible food ingredients that 
beneficially affect the host by selectively stimulating the growth and/or activity of one or 
a limited number of bacteria in the colon.  This typically shifts the composition of 
intestinal microflora towards a relative increase in Bifidobacterum and/or Lactobacillus 
species [13].   
Different types of dietary fibre have been shown to have a prebiotic role, acting as a 
substrate for favourable microbial growth. Research indicates that the composition of the 
colonic microbiota and the balance of its metabolic products are strongly influenced by 
diet, in particular, the intake of a variety of dietary fibre types.  
Dietary supplementation with both oligofructose and inulin has been shown to 
significantly increase bifidobacteria, thus altering the balance of colonic bacteria towards 
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a potentially healthier microflora [77]. In a double blind, randomised controlled trial 
involving daily supplementation with 5g/day inulin, results showed in an increase in 
bifidobacteria and a small increase in lactobacilli in stool samples collected from test 
subjects after 21 days of supplementation. These levels returned to baseline after a 
washout period [78]. Bifidobacteria and lactobacilli are both carbohydrate fermenting 
bacteria, producing short chain fatty acids (SCFAs), which are beneficial to host health 
[79]. Bifidobacteria are able to out-compete potential pathogens, thereby contributing to 
the overall health of the host. Beneficial effects of bifidobacteria also include stimulating 
components of the immune system and aiding absorption of certain ions and the synthesis 
of B vitamins [80]. 
Like other oligosaccharides discussed above, GOS have been shown to act as a prebiotic 
in the large bowel, altering the composition of flora in the large bowel to one dominated 
by lactobacilli and bifidobacteria [79]. Synthetic carbohydrate analogues have been 
shown to have a prebiotic effect in human subjects. Results of randomised controlled 
trials have shown that ingestion of polydextrose results in an increase in SCFA 
production, a decrease in bacteriodes species and an increase in the beneficial bacteria 
lactobacilli and bifidobacteria [81]. Consumption of wheat dextrin has been shown to lead 
to a lower colonic pH, a decrease in pathogenic bacteria and an increase in SCFA and 
lactic acid production [82]. In a randomised placebo controlled trial with 40 female 
subjects, wheat dextrin supplementation of 8g/day for fourteen days was shown to 
increase bacteroides, the predominant beneficial saccharolytic genus of a normal gut 
flora, and also decreased the numbers of pathogenic bacteria [83].  
Interest in the potential of RS as a prebiotic grew out of animal and human studies where 
consumption of high-RS foods and ingredients led to a time-dependent shift in faecal and 
large bowel SCFA profiles [84]. A study by Cummings et al. (1996) showed that subjects 
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fed RS had an increase in faecal SCFAs. RS2 (from potato and banana) supplementation 
resulted in greater proportions of acetate in faeces and RS3 (retrograded starch from wheat 
and maize) gave greater proportions of propionate. Results also showed that some 
subjects utilised only specific types of RS, indicating that different flora ferment different 
RS sources. This study also showed that RS2 supplementation increased transit time, and 
that undigested RS has substantial bulking properties [85].  
There is substantial research on fibre effects to alter microbiota and building evidence 
that this profile substantially affects both local gut mechanisms but that these 
microenvironments also stimulate pathways of more broad metabolic processes. For 
example oligofructose supplementation has been shown to result in a decrease in body 
fat, through modification of satiety responses through mechanisms such as increasing 
peptide YY (PYY) production, resulting in lowered food intake [86].  Potential 
mechanisms relate to increased propionate, which when delivered to the colon directly 
(e.g. through an inulin propionate ester), has been shown to increase secretion of PYY 
and GLP-1 and reduce energy intake in overweight subjects [87]. Therefore, different 
foods will alter ratios of production of acetate, propionate and butyrate and this may be 
key in the role of fibre in weight control. In addition, these SCFAs stimulate the free fatty 
acid receptor GPR43, and while research in humans is more limited, effects related to 
weight control and immune modulation have been noted [88]. None of these of outcomes 
are specifically described in the physiological effects attributable to fibre, in any 
definition. This highlights the need for continued research into the physiological effects 
which may be attributed to dietary fibre, and the impact different fibres may have on 
human health. So, while the mechanisms may be being recognised, there are actually a 




1.3.5 Weight Regulation and Satiety 
Epidemiological evidence links fibre intakes to population levels of overweight and 
obesity [89]. However, although satiation is commonly linked with dietary fibre 
(including effects of longer mastication, decreased exposure of macronutrients to the gut 
wall, with these nutrients reaching further to the distal colon resulting in appetite hormone 
changes) there are few comprehensive clinical studies demonstrating weight loss as 
opposed to short term satiety.  
Studies have demonstrated a role of β-glucan in enhancing postprandial satiety [90, 91]. 
Soluble fibres such as β-glucan influence appetite through both chemical and physical 
properties. Possible mechanisms for the satiating effect of β-glucan include the viscous 
nature of β-glucan in the gastrointestinal tract or through prolonging cholecystokinin 
(CCK) elevation resulting in prolonged satiety [90, 91]. Appetite suppressants such as 
CCK have been shown to be released in response to β-glucan at a minimum dose of 3.8g, 
serum peptide Y-Y release is dose dependent and subjective ratings of hunger are 
improved at a minimum of 2.2g β-glucan [90]. Oat β-glucan has been shown to reduce 
body weight, BMI, body fat and the waist-to-hip ratio indicating a role for β-glucan in 
reducing abdominal fat and obesity [92].  
Indigestible dextrin has also been shown to play a role in weight reduction and improved 
satiety. A randomised control trial by Guerin-Deremaux et al. (2011) found that 
supplementation with a wheat/ maize dextrin resulted in reduced body weight, body mass 
index (BMI) and body fat, and reduced energy intake and improved satiety [93]. Early 
research indicates RS may play a role in increasing satiety. In a study by Willis et al. 
(2009), which examined the impact on satiety of four different dietary fibres, it was shown 
that RS (types RS2 and RS3) was highly satiating, with participants significantly less 
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hungry and more full and satisfied during the test period [94]. Guar gum has also been 
shown to play a possible role in satiety and weight regulation in rats, with guar gum 
supplementation shown to lead to reduced food intake and body weight gain [95]. Overall, 
ingestion of both insoluble and soluble fibre have been linked with positive effects on 
weight control (epidemiologically and clinically). 
1.3.6 Reduced Cancer Risk  
Research shows that some fibre types may play a role in reducing the risk of some cancers 
or have antioxidant related roles [40, 55, 96-99]. Studies have also shown that pectin may 
have anti-cancer activities, with both pectin and pectic oligosaccharides shown to induce 
apoptosis in in vitro human colonic adenocarcinoma cells. Evidence suggests that it is the 
complex side chains of pectin that are important in regards to the anticancer properties of 
pectin [99]. Much more work is needed before a definitive conclusion can be reached. 
There have been limited studies investigating the specific effects of cellulose on human 
health. One dietary intervention study  showed that cellulose may play a role in preventing 
colon cancer, with cellulose supplementation reducing the production and/or excretion of 
mutagens in the stools and decreasing the concentration of faecal secondary bile acids in 
humans [98].  
Lignin is generally considered to be nutritionally inert, with currently no studies 
examining the physiological effects of lignin in human subjects. However, some studies 
in rats have indicated that lignin may provide protection against some cancers. Studies on 
rats have shown that lignin may account for 26-32% of the enteroloactone (a mammalian 
lignin) formed from cereal bran. Mammalian lignins act as antioxidants in vitro at 
concentrations achievable in vivo, particularly in the colon. If lignins are partially 
metabolised to mammalian lignins, as they are in rats, they might add to the protection by 
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lignins observed in human subjects against some cancers, including bowel cancer. 
However, more studies are needed to explore this antioxidant effect of cereal lignins in 
humans [40].  
RS may play a potential role in the prevention of colorectal cancer, but a great deal of 
work is needed in this area [96]. A study by Hylla et al. (1998) found RS consumption 
resulted in an increase in stool bulk and decreased faecal concentrations of secondary bile 
acids and 4-cholesten-e-one (possible carcinogens) [97], also suggesting a potential role 
for RS in the prevention of colon cancer. 
1.3.7 Mineral & Micronutrient Absorption 
There are concerns that micronutrient absorption may be adversely impacted by diets high 
in dietary fibre, as certain nutrients may be less well absorbed from a high NSP diet. A 
study by Greenwood et al. (2003) demonstrated that a diet high in NSP is not associated 
with poorer micronutrient status in free living population consuming their usual diet 
[100]. Evidence suggests that certain fibre types have been shown to play a role in mineral 
and micronutrient absorption.  
Certain highly fermentable fibres have resulted in improved metabolic absorption of 
certain minerals, such as calcium, magnesium, and iron. Studies now indicate that highly 
fermentable fibres, such as inulin and fructooligosaccharides, also promote mineral 
absorption in the colon. Through their fermentation by colonic microbiota and subsequent 
SCFA production, these fibre components stimulate the proliferation of epithelial cells in 
the cecocolon and reduce the luminal pH.  The SCFA and lower pH may, in turn, dissolve 
insoluble mineral salts, especially calcium, magnesium, and iron, in the luminal content 
and increase their diffusive absorption via the paracellular route. In particular, the 
accumulation of calcium phosphate in the large intestine and the solubilisation of minerals 
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by SCFA are likely to play an essential role in the enhanced mineral absorption in the 
colon [3]. Synthetic carbohydrate analogues, such as wheat dextrin, have been shown to 
significantly increase magnesium apparent absorption and retention and not significantly 
increase calcium apparent absorption and retention [101].   RS has been shown to enhance 
the ileal absorption of a number of minerals in both humans and rats [55].  
1.4 Summary of Evidence and Gaps in the Literature   
Research into the health effects of the different types of fibre is a growing area of interest. 
The lack of a universally accepted definition of dietary fibre remains a problem. Even 
though existing definitions have elements in common, differences in definitions relate to 
the degree of polymerisation, the food source, and the physiological effects from 
consumption. The definition of dietary fibre will need to continue to evolve as scientific 
understanding of dietary fibre grows. Likewise, the range of classification systems used 
for dietary fibres remains problematic as fibre types can vary by chemical nature and have 
a different physiological functionality. Dietary fibres consist of a wide range of different 
compounds, each with a characteristic chemical structures and a range of physiological 
effects. More work on a classification system that may better describe how chemical 
structure and rheological properties (including solubility) may affect fermentability and 
other qualities is required. It may be that a single definition for dietary fibre is not possible 
if this definition aims to be all encompassing. 
Evidence suggests that soluble fibres, such as β-glucan, play a role in certain health effects 
such as blood glucose attenuation and cholesterol lowering, while insoluble fibres play a 
role in health effects such as laxation. Other benefits of fibre types will require more 
research since for fibres such as arabinogalactan and cellulose, there is limited evidence 
regarding their role in human health. The physiological role and possible health benefits 
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of synthetic dietary fibres is a growing area of research. Interest in this field has resulted 
from a greater understanding of the role of dietary fibre in health and its implications for 
the food industry. In particular, there is growing evidence around effects on the 
microbiota. This may have a major influence on future definitions of dietary fibre, or at 
least explain some physiological effects.  
Most importantly, much of the research from epidemiological studies shows highly 
beneficial effects on factors such as weight control, yet only limited evidence exists in 
clinical trials. This may reflect the timeframes over which effects can be measured in 
trials (usually conducted over a maximum of 12 months), but also because single fibre 
types tend to be tested. Food synergy may also be an important influence on effects. In 
many studies the fibre added is not fully chemically characterised and this may also limit 
inferences that can be made from the research. Future research needs to 1. Investigate 
fibres in isolation then as part of background diets that are both high and low in dietary 
fibre; and 2. Characterise the types of fibre within the diet to describe not only the type 
of fibre but how it exists after processing where the degree of polymerisation may be 
important including molecular weight and solubility relevant in many of the described 
health effects.  
Finally, foods, and diets, have multiple components, so it is difficult to attribute dietary 
health benefits to a single component like fibre. To be able to fully understand their 
clinical benefit, it is important to look at the individual components of fibres and their 
physiological role, rather than considering dietary fibre as a single food component.  
This review has demonstrated the range of challenges that face researchers examining the 
health benefits of dietary fibres. In the end, people consume various diets made up of a 
range of foods from different food groups. It is therefore important to consider the role 
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that dietary fibre and its individual fractions will play in the context of an individual’s 
diet, the sources they will consume to achieve an intake of dietary fibre, and the set of 
health outcomes that may arise from including the foods that contain these fibres. A 
reductionist approach may be required to substantiate individual effects, but then a broad 
view of dietary intake will need to be applied. This is necessary to translate this science 
into useful information for broader public health messages and individuals seeking 
healthful dietary intake. Further research needs to examine the possible role of dietary 
fibre fractions in the context of the whole diet. This will allow a more complete view of 
the context in which dietary fibre effects can be realised. 
1.5 Hypothesis and Study Aims 
This thesis broadly hypothesises that different health outcomes shown to be associated 
with dietary fibre intake are associated with individual dietary fibre fractions (specifically 
those categorised loosely as soluble and insoluble fibre) found in fibre containing foods 
but initial research on the fibre composition in food and diet is required before this can 
be fully tested. Effects may not only be attributable to the total fibre content of those 
foods, but rather the individual fibre types. It may be that dietary fibre should not be 
considered as a single nutrient, but rather classified according to the physiological effects 
of an individual fibre type or a group of fibres. While epidemiological research tells us 
there should be an emphasis on whole foods, understanding the components of those 
foods associated with health outcomes may better inform individualised dietary advice 
and counselling. Therefore, determining how fibre fractions may be accounted for in 
foods and applied in the analysis of dietary intake data is a critical step in being able to 




The research aims of this thesis were: 
1. To identify new horizons for the study of dietary fibre and health, but critically, 
how this may necessitate review of descriptions of dietary fibre, measurement and 
definitions. 
2. To develop a database that includes information for soluble fibre, insoluble fibre, 
and where possible resistant starch, that could be applied to the analysis of dietary 
data. 
3. To examine the usefulness of the application of the fibre categories database by 
examining patterns of fibre consumption in different datasets from small clinical 
samples to large population cohorts, namely 
a. in the context of a lifestyle intervention trial in a clinical setting and how 
these may relate to health outcomes 
b. in a representative population dataset, the 2011-12 National Nutrition and 
Physical Activity Survey (NNPAS) and any relationship to health 
outcomes. 
4. To evaluate the applicability of the fibre categories database as a useful research 
tool for examining fibre categories consumption in these contexts, which could be 
used to carefully examine health effects of fibres in future work. 
1.6 Thesis Overview and Structure 
Chapter 1 has described in detail the issues with defining dietary fibre and a review of the 
available evidence regarding health effects of dietary fibre. 
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Chapter 2 outlines the methodological framework utilised within the thesis to determine 
the usefulness of fibre categories (or types) in health research and includes a discussion 
of the main methods utilised in the remainder of the thesis.  
Chapter 3 describes the development of the fibre categories database, including issues 
surrounding dietary fibre and food composition data, methods utilised to collect the fibre 
data and a discussion of the limitations surrounding the use of this database.  
Chapter 4 describes the application of this database to the dietary data collected in a small 
clinical setting as part of the HealthTrack study, including an analysis in respect to the 
relationship between fibre categories and health outcomes measured as part of the 
HealthTrack study.  
Chapter 5 describes the application of the fibre categories database to a larger population 
dataset, the 2011-12 NNPAS which was conducted as part of the 2011-13 Australian 
Health Survey (AHS).  
Chapter 6 summaries the results and conclusions of this thesis related to the initial 
hypothesis and aims and includes an evaluation of the usefulness of the FCD in its 
application to the range of datasets examined. This section also includes a discussion of 
















































2.1 Overview of Methodological Framework 
Current research shows there are associations between intakes of broad fibre categories 
(such as soluble and insoluble fibre) and specific health outcomes, and there is a growing 
interest in the possible impact of the individual fibre types on human health.  Therefore, 
the framework for this thesis utilised a methodology that would enable the development 
of a tool to measure the different fibre categories (a database in this instance), and then 
application of such a database to determine the usefulness of distinguishing between 
consumption of different fibre categories in research that examined fibre intakes and 
health outcomes (Figure 2.1).  
 
Figure 2.1 Methodological Framework 
In order to understand the physiological effects of dietary fibre, it is important to have the 
appropriate tools for research purposes. Current research regarding the role of dietary 
fibre types and the relationship to physiological health outcomes is limited by the data 
available in food composition databases. Since food composition databases currently only 
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include details for total dietary fibre, all health outcomes related to fibre consumption 
may be attributed only to the consumption of total fibre when applied to dietary intake 
studies. Yet, there is wide ranging evidence that health effects of different fibres vary. 
This is relevant when we consider individual fibres added to foods to enhance their 
healthful attributes or even when we consider different foods for specific purposes such 
as consuming more wheat fibre for constipation or oat fibre for cholesterol lowering 
benefits. It is also highly likely that as research into the effects of different fibres on the 
gut microbiome advance further, it may be that other differences in physiological effects 
can be quantified also. 
Therefore, in order to gain an understanding of the role that dietary fibre types may play 
in health, and to provide underpin relevant and accurate dietary education messages, it is 
necessary to have the tools to enable this research. While ideally, this would extend to 
precise fibre types (e.g. arabinoxylan vs β-glucan vs resistant maltodextrin), there is value 
in categorising fibres broadly, around traditional classifications such as soluble and 
insoluble fibre in order to gain insight into the role different fibres play in health. Then 
we can begin to understand if current public health messages surrounding fibre intake are 
adequate to ensure good health. 
2.2 Food Classification  
Classification of foods is an important first step in nutrition research. Classification of 
foods for dietary guidelines utilises a simple approach, with foods grouped into major 
food groups in order to relay public health messages surrounding dietary guidelines, with 
different countries having their own methods of grouping foods and conveying these 
messages to the public. The Australian Dietary Guidelines [9] contain information about 
the types and amounts of foods, food groups and dietary patterns that promote good health 
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and reduce chronic disease risk. As part of these guidelines, the Australian Guide to 
Healthy Eating divides foods into five main food groups- grain foods, vegetables & 
legumes/beans, fruit, dairy/alternatives and meat/alternatives. These five groups present 
a simple way of delivering messages surrounding food consumption patterns needed for 
good health. The guidelines make some specific recommendations for fibre, with the 
recommendation that individuals choose mostly whole grain or high fibre cereal varieties. 
The consumption guidelines provide a diet that meets the nutrient reference value for 
fibre. This is an “adequate intake” value of 25g per day for females and 30g per day for 
males [9].  
Dietary guidelines are useful tools for providing generic nutrition messages to the general 
population, however, there is an abundance of literature regarding the health outcomes of 
different dietary fibres [102], therefore an initial reductionist approach in examining 
dietary fibre categories may be important in nutrition research in order to gain a greater 
understanding of the role of different fibres in human health. Diet creates a complex 
interaction of different foods providing a range of nutrients, and therefore an ability to 
classify foods is an important step in nutrition research, with more detailed classification 
systems needed than that provided by the likes of dietary guidelines. The goal of food 
classification systems is to group similar foods together in order to understand food 
consumption patterns, and to attribute any health outcomes to these. There are numerous 
food classification systems, however the current system used in Australia’s food 
composition database AUSNUT 2011-13 is the 2011-13 Australian Health Survey (AHS) 
Classification System, which was designed for use in the AHS. This system was based on 
the food classification system utilised in the United States National Health and Nutrition 
Examination Survey (NHANES). These classification systems group foods according to 
a major (2 digit), sub-major (3 digit) and minor (4 or 5 digit) groups (Table 2.1), and 
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allows grouping of foods to the level required to compare consumption against dietary 
guidelines  [103]. Classification systems are an important first step in being able to group 
foods together and begin to be able to quantify dietary intake. Importantly, this 
quantification is a necessary step in identifying if any health effects can be associated 






































240 Wild harvested vegetables 24001 
Wild harvested 
vegetables 
  241 Potatoes 24101 Potatoes 
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    24302 Other root vegetables 
  244 Leaf & stalk vegetables 24401 Leaf vegetables 
    24402 Stalk vegetables 
    24403 Herbs, fresh 
    24404 Seaweeds 
  245 Peas & beans 24501 Peas and edible-podded beans 
    24502 Beans 








    24602 Tomato products 
  247 Other fruiting vegetables 24701 Pumpkin 
    24702 Squash and zucchini 
    24703 Mushrooms 
    24704 Sweetcorn 







2.3 Food Composition Databases, Limitations & Challenges 
Since people consume foods, and not nutrients, it is important to be able to convert food 
consumption data into nutrient consumption data, a task that can be completed with the 
utilisation of food composition databases. A nutrient database may contain values 
obtained from chemical analysis of a particular food sample, non-analytical values 
calculated from conversion factors or estimated values. Common methods for estimating 
nutrient values include (1) using values from a similar food, (2) calculating values from 
different forms of the same food, (3) calculating values from other components in the 
same food, (4) calculating values from recipes or commercial product formulations and 
(5) converting values from information on the nutrient label of a commercial food product 
[104]. For example, the Australian Food Composition Database, AUSNUT 2011-13, 
contains data for 53 nutrients or related components for 5740 foods and beverages, and 
incorporates nutrient composition data from a range of sources, with a derivation code 
assigned to each food to denote the source of data for that particular item, and includes 
codes such as analysed, recipe, imputed, label data and borrowed [105].  
There are many limitations to food composition databases. Given that foods are biological 
materials, they exhibit variations in composition, thereby rendering the levels of nutrients 
an estimate rather than an exact value, which can be particularly true for labile nutrients 
(such as folate or vitamin C). They also cannot predict the constituents that may be added 
or removed during manufacture or preparation (such as fat or moisture), and the 
composition of a particular food may change with time. Food composition databases are 
not readily comparable across countries, and users may contribute to the limitations of 
databases, for example, by using raw foods in the place of cooked foods. The increase in 
consumption of more processed foods has also contributed to the limitations of food 
composition databases and the estimates provided by these databases, as these foods are 
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not commonly listed in these data sets [106]. Another limitation lies in the range of 
nutrients that are included in food composition databases, particularly for dietary fibre. 
While most countries, including Australia, have a nutrient composition database that 
includes dietary fibre [107], food composition databases tend to only include details for 
total fibre in foods rather than specific types. Further details on fibre categories including 
soluble and insoluble fibre, are not included.  
However, despite their limitations food composition databases provide a useful tool for a 
variety of purposes, ranging from use by the general public, in research with a particular 
importance to researchers working in the field of dietetics. Nutrient databases provide 
food composition data that can be used for many purposes, for example, food 
manufacturers who use food composition databases to determine the nutrient content of 
their products for food labels, and food service managers who can use these databases to 
plan menus based on their nutrient content. Health researchers and epidemiologists use 
nutrient intake studies of individuals or groups to correlate food components with causes 
or prevention of disease, while dietitians can utilise databases to analyse a patient’s usual 
dietary intake and counsel patients in dietary changes based on these results [104].  
Food composition databases provide a useful tool to researchers, in particular for 
researchers working in nutrition and dietetics, who may be particularly interested in the 
nutritional composition of foods or interested in a particular nutrient of concern. It is 
important for researchers to understand the nutritional composition of food, ensuring our 
understanding of food, nutrients and health are all correct, and that this understanding can 
be translated into messages for individuals, as well as broad public health messages. For 
example, whole grains are part of grain foods which contain the intact kernel of a grain 
either whole or in the same proportions it would exist in the intact grain. There is no 
analytical method for determining whole grains in food, so it is reliant on examination of 
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food production and ultimately recording of data based on the ingredients contained. 
Researchers can develop a database [108] and use these values to apply to dietary intake 
data to determine things such as population intake of whole grains [109]. While there are 
limitations to any database, in most cases, they are the most frequently used method of 
quantification of foods and nutrients as chemical analysis of whole diets is unrealistic 
both financially and logistically.  
2.4 Measurement of Food Intake 
Being able to quantify dietary intake is crucial to research examining food or nutrients in 
individuals or populations. There are a range of methods commonly used to collect dietary 
data, with each relying on an individual reporting or recording their own dietary intake. 
All self-report methods have challenges, as individuals do not commonly pay attention to 
the foods they have eaten; do not remember everything; may not know the contents of the 
foods eaten; and their estimation of portion sizes is not necessarily accurate. Also, factors 
such as gender and weight status can bias reports of diet [110]. Methods for collecting 
dietary data include 24-hour dietary recall, food frequency questionnaires, food records 
and diet history interviews, and each presents its own strengths and limitations [111].   
Food records are typically recorded for 3-7 days, by the individual themselves at the time 
of food consumption. Often considered a gold standard of recording dietary intake, food 
records are known to have limitations, including the fact that the act of recording food 
intake can change an individual’s dietary intake patterns [111]. The need to weigh and 
record food intake may lead to a reduced energy intake, a more monotonous diet, or a 
simple behavioural change, since most people in Westernised cultures have a basic 
understanding of how they should eat, and could be tempted to improve their diet for the 
observer [112]. Food records involve a high subject burden, and an increasing the number 
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of days has been shown to lower the quality of the record. Subjects also need to be both 
literate and motivated to complete the record [111].  
Food Frequency Questionnaires (FFQs) are commonly used to provide estimates of usual 
intake over time (usual 6 months or longer). FFQs provides a list of specific foods and 
ask subjects how often they consume these foods, including the amounts consumed. FFQs 
can be easily modified to target specific populations, or target specific nutrients [111]. 
Unlike methods such as food records and dietary recalls, FFQs collect less detail 
regarding cooking methods and portion sizes, however most are completed independently 
by a respondent and are relatively inexpensive [113]. Therefore FFQs present a feasible 
method for collecting detailed dietary information from a large numbers of subjects [114].  
The diet history interview involves an open-ended interview examining habitual food 
intake and has been shown to be accurate and valid in the research setting [115]. The diet 
history interview is susceptible to recall bias and may encourage tendencies to report what 
is socially acceptable; and has also has been found to underestimate both energy and fat 
intakes in some studies [116]. However, the interviewer administered diet history is more 
likely to maintain the subjects’ interest due to the presence of an interviewer, with the 
interviewer also able to clarify areas of potential misunderstanding by a respondent. The 
interviewer-administered diet history allows more detailed quantification of amounts (for 
example through the use of food models) compared to other methods [114].  
The analysis of dietary data from a clinical trial used in this thesis was a secondary 
analysis collected as part of the HealthTrack study, conducted at the University of 
Wollongong between 2014 and 2016. The HealthTrack study, which will be discussed in 
detail in subsequent chapters, was a 12-month randomised controlled lifestyle 
intervention study, involving 377 participants from the Illawarra, NSW Australia (see 
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section 2.8 for candidates role). Participants were randomised into intervention and 
control groups, and part of the study included dietary assessment at regular intervals. 
Dietary intake data was collected through a diet history interview conducted by an 
Accredited Practising Dietitian (APD). Participants were asked to describe their usual 
diet, including types and amounts of foods and beverages that they commonly consume. 
Additional questions were asked of participants to prompt them to also include less 
commonly consumed foods that may have been overlooked. Dietary data was entered into 
FoodWorks nutrient analysis software (Version 7; Xyris Pty Ltd., Kenmore Hills, QLD, 
Australia, 2012), using the AUSNUT 2007 food composition survey database. 
HealthTrack dietary data was exported from FoodWorks into Microsoft Excel, where it 
was matched to the AUSNUT 2011/2013 database [107] and underwent an extensive data 
cleaning process, including auditing and entry-checking by a second researcher [117].  
The detail of the dietary data collected, allowed application of a fibre categories database 
(FCD) to a significant data set, where a substantive number of anthropometric and 
biochemical data was also available. 
To examine dietary data from an alternative collection method, data from the National 
Nutrition and Physical Activity Survey (NNPAS) conducted in Australia in 2011-12 as 
part of the 2011-13 Australian Health Survey (AHS) by the Australian Bureau of Statistics 
was reviewed. This data was collected as part of a multiple pass 24-hr recall interview. A 
24-hour recall involves asking participants to report all the foods and beverages consumed 
in the past 24 hours (or on the previous day). It can be administered without prior notice, 
thus removing the issues of altered dietary intake, and when administered by an 
interviewer, removes barriers such as low literacy levels. However, participants are often 
challenged to remember what they ate the previous day and may also struggle to 
distinguish between their usual intake and what they ate yesterday. Since a 24 hour recall 
63 
 
is collecting information about a single day, it cannot accurately reflect a participants 
usual diet, and therefore repeating the recall on a non-consecutive day can help address 
this issue [110]. While less accurate at an individual level, the 24-hour recall method is 
often utilised in larger population studies, however it is important that these methods are 
validated to provide a suitable snapshot of dietary intakes.  
In order to improve the validity of the 24-hour recall method, an innovative survey was 
developed by the Agricultural Research Service of the United States Department of 
Agriculture (USDA) called the Automated Multiple Pass Method (AMPM), a 5-step 
multiple pass method, specialised software program operated by trained interviewers 
(Table 2.2). This method includes multiple passes through the 24-hour period of the 
previous day, during which respondents receive cues to help them remember and describe 
foods that they consumed and providing different opportunities for the respondent to 
remember food details and also additional foods [118-120].  
Dietary data collected as part of the 2011-12 NNPAS used this method [120], adapted to 
reflect the Australian Food Supply, to collect data on food, beverages and supplements 
over two separate days [121]. The 24-hour recall questionnaire collected detailed 
information on all foods and beverages consumed on the day prior to interview, from 
midnight to midnight. Where possible, participants were contacted to participate in a 







Table 2.2 5 Step Automated Multiple Pass Method.  
Adapted from Raper et al. (2004) [119]. 
Step Purpose 
1 Quick List Collect the list of foods consumed in the previous 24 hours 
2 Forgotten food list 
Collect the foods that may have been forgotten during the quick list 
step. Questions probe for foods by categories: non-alcoholic 
beverages; alcoholic beverages; sweets; savoury snacks; fruits, 
vegetables, cheese; breads and rolls; other foods 
3 Time and occasion Collect the time and name of the eating occasion for each food. Used to sort foods chronologically and group into eating occasions 
4 Detail and review 
Collect a detailed description of each food consumed, including 
amount eaten and additions to the food. Also, to review eating 
occasions and times between occasions to elicit forgotten foods 
5 Final review Collect additional foods not remembered earlier 
 
2.5 Measurement of Fibre Intake 
Once collected, dietary intake data is usually converted to nutrient intake data (including 
fibre) with reference to food composition databases. As described above, current major 
food composition databases include information regarding total dietary fibre, with details 
regarding fibre categories or fibre types lacking [107, 122-124]. The lack of detailed 
nutrient information regarding different dietary fibres is problematic for research 
purposes given the range of measurement methods for dietary fibre and the variability in 
different definitions of what constitutes dietary fibre. In order to overcome this challenge 
for this thesis, we developed a database that included information on fibre types (soluble, 
insoluble, and where possible resistant starch), which was able to be matched to the 
AUSNUT 2011-13 Food Composition Database, effectively giving a representation of 
the fibre types present in a wide range of foods in the Australian food supply.  
This database was then applied to two different food intake datasets, firstly as part of a 
secondary analysis of the HealthTrack study, and secondly as a secondary analysis of the 
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2011-12 National Nutrition and Physical Activity Survey (NNPAS). The application of 
these data sets was undertaken firstly to demonstrate the applicability of the FCD and 
secondly, the fibre categories consumption data was used in both these studies to examine 
any possible relationships between these categories of fibre and health outcomes that were 
measured as part of these studies in order to draw conclusions regarding the usefulness of 
considering fibre as more than a single nutrient and allow for consideration of whether a 
change to public health messages surrounding dietary fibre intake should be considered.  
While there is no single definition of dietary fibre, Food Standards Australia and New 
Zealand (FSANZ) define dietary fibre as the “fraction of the edible part of plants or their 
extracts, or synthetic analogues that:  
(a) are resistant to digestion and absorption in the small intestine, usually with 
complete or partial fermentation in the large intestine; and  
(b) promote one or more of the following beneficial physiological effects:  
(i) laxation;  
(ii)  reduction in blood cholesterol;  
(iii)  modulation of blood glucose;  
and includes:  
(c) polysaccharides or oligosaccharides that have a degree of polymerisation 
greater than 2; and  
(d) lignins.”  
Adequate dietary fibre has been shown to have numerous health benefits, including 
playing a role in reduction of chronic disease risk (Chapter 1), making it an important 
component of a healthy diet [102]. However, measuring dietary fibre is difficult, since 
analytical methods for dietary fibre measure different sets of components, fibre may not 
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be measured precisely as per the FSANZ definition. This is a limitation of current food 
composition databases [5].  
Measurement methods for dietary fibre have evolved over many years in response to 
evolving definitions of dietary fibre [125]. The Codex Committee on Methods of Analysis 
and Sampling have approved 14 methods for the measurement of dietary fibre: eight as 
type I (defining) methods, five as type II (reference) and one as type III (alternative 
approved methods) [25]. AOAC 985.29 and AOAC 991.43 have been the main methods 
for dietary fibre analysis for many years. The AOAC 985.29 method measures the total 
high molecular weight dietary fibre (HMWDF) directly, while the AOAC 991.43 method 
distinguishes between insoluble and soluble HMWDF. The drawback of these methods is 
that they are inappropriate for the measurement of low molecular weight dietary fibre 
(LMWDF), and they measure only RS2 and RS3 categories of resistant starch [28]. In 
2007, a new method for the integrated measurement of total HMWDF, LMWDF and 
resistant starch was described [27], AOAC 2009.01 total DF method. This method has 
eliminated the need for both AOAC 985.29 and the specific methods for measuring 
LMWDF and RS1, RS2 and RS4 [28]. The AOAC 2011.25 method was developed as an 
extension of AOAC 2009.01 and enables differentiation between the soluble and 
insoluble HMWDF fractions [28, 29]. Finally, this method has been updated with AOAC 
2017.16 [30]. Given the range of methods available for dietary fibre analysis available, 
there is variability in the components of dietary fibre being measured, presenting issues 
for applications such as food composition databases. Values represented in these 
databases may not be representative of the true fibre values, particularly if older analysis 
methods have been utilised in some foods and exacerbated where another method is used 
for other foods as the measures are no longer relative.  
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Categorisation of dietary fibre as soluble and insoluble is well accepted in the scientific 
literature, as discussed in Chapter 1. However, it is also noted that like all methods of 
fibre categorisation, classifying fibre as soluble or insoluble, has its flaws. Currently, the 
food industry in Australia utilises this classification system, with the terms soluble and 
insoluble fibre often included on nutrition information panels on food products (for 
example, on breakfast cereals). Notably, data that forms part of the Fibre Categories 
Database was made available by industry professionals (as noted in the database) who 
have analysed their food products for soluble and insoluble fibre. Current methods of 
dietary fibre analysis mean that measuring the amount of soluble and insoluble fibre in 
foods is a relatively simple task for food manufacturers. Even the new integrated methods 
of fibre quantification use these “typical” categories, with two arms in the measurement. 
One arm separates higher molecular weight IDF and the other collates the quantity of 
lower molecular weight SDF.  
No tools exist to easily quantify the fibre across a whole diet (outside the use of analytical 
methods), so this work provides a method to quantify the amount of soluble and insoluble 
fibre in foods, and therefore examines the usefulness of applying this information to 
dietary intake data. This is a necessary step in examining a fibre classification system, 
and the applications it may have to food industry, research and in examining health 
outcomes in different populations.  
2.6 Health Outcomes and Fibre  
 
Once fibre intake is assessed, relationships with health outcomes can be considered. It is 
well established that different dietary fibres have different relationships with health 
outcomes (Chapter 1), however understanding these different fibres and the roles they 
may play, is a crucial step in examining the health outcomes that may be attributed to 
these fibres and the foods they are found in. The most widely accepted ways in which 
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dietary fibres have been classified is to differentiate them based on their solubility in a 
buffer at a defined pH [3], however for any classification system, it is important to 
understand that, as these are not mutually exclusive systems, fibre types may fit into more 
than one category. In addition, foods are likely to contain many different types of fibres, 
so individual foods that contain fibre will not fit into a single category, but rather be 
categorised into a group representing the predominant type of fibre in those foods. It is 
also important to recognise that particular types of fibre belonging to a functional  
category (e.g. soluble fibre) may not attribute the same health benefits, and it is therefore 
essential to recognise which fibres possess specific health-promoting properties [126].  
While there are numerous studies examining individual fibres which have involved 
supplementation of a specific fibre, the role of dietary fibre in human health has been 
extensively studied with predominantly whole foods (not individual fibres), which form 
the basis of a diet. Given the issues surrounding fibre categorisation and the use of food 
composition databases in research, it is common for dietary fibre effects to be attributed 
to dietary fibre as a whole, rather than its individual components. As mentioned in the 
previous chapter, studies have attributed the following physiological effects to dietary 
fibre such as: 
- increased faecal bulk/ laxation;  
- reduced total and/or LDL serum cholesterol levels;  
- attenuation of postprandial glycaemia/insulinaemia;  
- reduced blood pressure;  
- positive modulation of colonic microflora;  
- weight loss/reduction in adiposity;  
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However, evidence suggests that soluble fibres, such as β-glucan, have certain effects 
such as blood glucose attenuation and cholesterol lowering, while insoluble fibres play a 
role in health effects such as laxation [102].  
As part of both the HealthTrack study and the 2011-12 NNPAS, information relevant to 
several of these health effects was collected. The HealthTrack study collected 
anthropometric data during participant assessments, including weight, BMI, body fat and 
waist circumference. At these assessments blood pressure was also measured, and 
participants were asked to complete biochemical tests, which included an examination of 
cholesterol and triglyceride levels, and both fasting glucose and HbA1c. Participants were 
also asked information regarding past and current diagnoses of hypertension, 
hypercholesterolaemia and diabetes.  
2.7 Candidate’s role in HealthTrack study 
As stated in the aims, part of this thesis involves an analysis of the data obtained through 
the HealthTrack randomised controlled trial, conducted at the University of Wollongong, 
by an interdisciplinary research team. The candidate was involved in the delivery of this 
trial, as well as in data entry and checking. As an APD, the candidate was involved in 
conducting assessments for HealthTrack participants at all time points (0, 3, 6, 9 and 12 
months), as well as providing individualised dietary counselling to a subset of participants 
allocated to the candidate during the randomisation process (0, 1, 2, 3, 6, 9, 12 months). 
The candidate was responsible for entering all data that was obtained during assessments 
and counselling sessions, including anthropometry, blood pressure and heart rate as well 
as dietary data obtained from diet histories.  The candidate was also involved in cross-




2.8 Summary & Conclusion 
Through developing a tool to approximate fibre values (the FCD) and application to 
significant datasets with some indicative health data, this thesis aimed to examine the 
relationship between different fibres and health outcomes, and examine if these effects 
may be attributed to, not just the total fibre of foods, but the individual fibres as well. 
While it may be that it is enough to consider fibre as a single nutrient, understanding the 
fibre components and any health outcomes that may be associated with these may have a 
place with specific dietary prescription for specific health conditions. Determining how 
fibre fractions may be accounted for in foods and applied to dietary intake data is an 
important step in answering this question. Therefore, the first experimental chapter in this 
thesis, (Chapter 3) outlines the development of a tool to quantify different categories of 
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A major component of this chapter is the substantive content of the published article:  
Fuller, S., Tapsell, LC., and Beck, EJ., Creation of a fibre categories database to 
quantify different dietary fibres. Journal of Food Composition and Analysis, 2018. 





As outlined in the previous chapters, the health benefits of consuming dietary fibre have 
been well documented in the literature, dietary fibre has been extensively studied due to 
its beneficial physiological effects. Studies have shown that diets high in dietary fibre, 
especially fibre from cereal or vegetable sources, are significantly associated with lower 
risk of coronary heart disease and cardiovascular disease [8]; and that cereal fibre, and to 
a lesser extent vegetable fibre, are significantly associated with lower total mortality [42].  
Current research has made it clear that dietary fibre represents a complex group of 
substances, with diverse physiological properties [126]. To be able to fully understand 
the clinical benefit of dietary fibre, it is important to look at the individual components or 
properties and their physiological role, rather than considering dietary fibre as a single 
nutrient [127]. This can be challenging, given the issues surrounding defining dietary 
fibre as well as classifying and measuring dietary fibre. 
The most widely accepted ways in which dietary fibres have been classified is to 
differentiate them based on (1) their solubility in a buffer at a defined pH, and/or (2) their 
fermentability in an in vitro system, using an aqueous enzyme solution representative of 
human alimentary enzymes [3]. Since most fibre types are at least partially fermented, it 
may be appropriate to refer to fibre as partially or poorly fermented, and well fermented. 
Generally, well fermented fibres are soluble in water, while partially or poorly fermented 
fibres are insoluble. There are other classification systems such as those based on the role 
of fibre in the plant, the type of polysaccharide, the degree of simulated gastrointestinal 
fermentability, the site of digestion, and others based on products of digestion and 
physiological classification [3]. Classification of dietary fibre based on molecular weight 
is also common [28]. For any classification system, it is important to understand that, as 
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these are not mutually exclusive systems, fibre types may fit into more than one category. 
In addition, foods are likely to contain many different types of fibres, so individual foods 
that contain fibre will not fit into a single category, but rather be categorised into a group 
representing the predominant type of fibre in those foods. It is also important to recognise 
that particular types of fibre belonging to a functional  category (e.g. soluble fibre) may 
not attribute the same health benefits, and it is therefore essential to recognise which fibres 
possess specific health-promoting properties [126]. Chapter 1 highlighted some of the 
issues with classification of dietary fibre, however being able to quantify the type of 
dietary fibre in foods is an important step in examining the usefulness of a classification 
system.  
Being able to measure dietary fibre has important implications for research, regulation 
and labelling purposes. Quantification to determine health effects is particularly relevant, 
and although fibre labelling is not mandatory in Europe, it is required in countries such 
as Australia and the United States. As previously stated, the definition and analysis of 
dietary fibre components are intimately related. Both the definition of dietary fibre and 
the analytical methods used to measure dietary fibre have evolved over time [27, 28]. 
Since dietary fibre is a multicomponent mixture, it is essential that there are methods that 
allow measurement of all known components.  
As described, dietary fibre is indigestible with significant chemical diversity, and 
therefore a number of different methods have evolved to estimate the quantity of these 
materials in foods (Table 1.1). All methods use a dried, defatted food sample, but they 
measure different chemical fractions [19]. The limitations of various fibre determination 
methods (Chapter 1) mean that application of data into a fibre categories database, will 
have some inherent flaws. Specifically, care must be taken not to “double count” fibres, 
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where an individual method used in conjunction with a second method measuring a 
different component, may double count one type of fibre (Figure 3.1).  
 
FIGURE 3.1 Schematic showing issues with AOAC method 985.29 & 991.43. AOAC 
methods 2009.01, 2011.25 and the updated method AOAC 2017.16 measure all 
components shown, with no double counting. Adapted from McCleary et al. (2013)[25, 
30].  
 
Most countries, including Australia, have a nutrient composition database that includes 
details for a range of nutrients, including dietary fibre [107]. Food composition databases 
tend to only include details for total fibre in foods rather than specific types or categories. 
Further details on fibre types, including categorisation of fibre types as soluble and 
insoluble fibre, are not included. The lack of detailed information regarding fibre is 
problematic for research for example, attributing positive effects to total fibre, rather than 
type of fibre or even a broader group of fibre categories. However, sourcing information 
on different fibres is also difficult potentially requiring multiple approaches to analysis to 
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determine fibre type. In addition, there are limited publications providing useful reference 
data. 
Given the lack of information on the type of fibre in Australian Food Composition 
Databases [107], this project aimed to develop a database that included information for 
soluble fibre, insoluble fibre, and where possible resistant starch (RS), that could be 
applied to the analysis of dietary data. AUSNUT 2011-2013 Food Composition Database 
[107], which contains 5740 foods relevant to the Australian food supply, was used as a 
basis to establish a fibre categories database (FCD).  
3.2 Methods 
3.2.1 Fibre Categories Database Creation  
A Fibre Categories Database (FCD) was developed using data from a range of sources to 
include the total, soluble and insoluble fibre data, as well as RS. A wide range of data was 
sourced, including most major food composition databases (from Australia, New Zealand, 
Europe, USA and Canada). The method (Figure 3.2) was adapted from previously 




FIGURE 3.2 Process for creating the Fibre Types Database & matching to the AUSNUT 
Food Composition Database. Method adapted from (Galea et al., 2016).   
# See Table 2 
* At each of these steps, foods were matched where possible to similar foods in AUSNUT and to as many 
cases as were relevant e.g. white bread to all variants of white bread/bread rolls etc., thus expanding the 
number of foods in the final database beyond the number of foods available from analytical data, literature, 
and industry sources 
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3.2.2 Matching to AUSNUT 2011/13 Database 
The starting point of the database comprised data for cereal foods provided by the Grains 
& Legumes Nutrition Council of Australia (GLNC) from the analysis of approximately 
50 grain/legume foods by Grain Growers Ltd with support from Goodman Fielder Ltd 
and Ingredion ANZ Pty Ltd, using methods AOAC 2002.02 for resistant starch; AOAC 
985.29 for total dietary fibre; and AOAC 991.42 for soluble and insoluble dietary fibre. 
The analysis produced  data for 54 cereals, legumes and discretionary/non-core food items 
(higher fat, salt and sugar foodstuffs) [129]. 
The AUSNUT 2011/13 database [107] was sorted into major, sub-major and minor food 
groups, according to the Australian Health Survey classification system, and these food 
groups were used to guide the database matching process. These groupings are defined 
elsewhere [129], but in brief, this system assists in matching foods between different 
iterations of food databases.  Firstly, foods were excluded if they were deemed to not 
contain fibre or have minimal fibre (<1g/100g AUSNUT dietary fibre), make 
insignificant contributions to total dietary fibre by nature (e.g. meat, dairy) or were foods 
with insignificant consumption levels in the study population. Foods in the newly created 
FCD were matched against the AUSNUT 2011/13 database (5740 foods), to guide and 
extend development of the FCD by noting all foods that contained fibre in AUSNUT 
2011/13 and searching for values for these foods.   
A key task for database development was matching foods of similar type. For example, 
where a value existed for a slice of bread of a particular variety, this value could be used 
for the same type of bread if it was in a bread roll. In this way, foods were matched, and 
values provided for fibre containing foods in the AUSNUT database. After this initial 
matching, there was missing data for a significant number of foods or no appropriate 
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match could be found. However, the amount of missing data was minimised through an 
iterative process of further searching. 
After addition of definitive zero values and use of the GLNC data, further values were 
also obtained from the New Zealand FOODfiles 2014 Version 01 and Fineli- the Finnish 
Food Composition Database [130, 131]. The data obtained from these sources covered a 
range of additional foods. Foods that were not sourced from the GLNC dataset or the 
above-mentioned databases were sourced from original research studies that investigated 
fibre containing foods [132-134]. Preference was given firstly to the GLNC data as this 
was attained using known analytical methods (on Australian foods), and then to the NZ 
food files (similar food supply), followed by Fineli. If data had not been found in one of 
these sources, it was then sourced from original research studies. Where foods were 
present in multiple sources, the data from the highest preference source was utilised for 
each food, namely direct analytical data or the best match to Australian foods. A small 
set of data was also obtained through industry partners who were able to provide data 
based on previous analysis of their products. Data was collated in an Excel spreadsheet, 
and included total fibre, soluble fibre, insoluble fibre and occasionally, RS. The source of 
the data and a description of the food product were also noted.  
Two total fibre values for each food were derived in the process, - one from the original 
AUSNUT database and one from the new FCD. The new FCD total fibre value 
represented the total value for fibre that was provided in the source, not necessarily just 
the addition of soluble and insoluble fibre values for the food. Differences in the 
AUSNUT and the new total fibre values were observed, as expected, given the different 




3.2.3 Fibre calculations for cooked/raw & toasted/untoasted products 
Due to lack of available data, the fibre values for some foods needed to be calculated from 
their cooked or raw versions. To do this, nutrient profile information (kJ) was utilised. 
The kJ difference between the two foods (e.g. cooked and raw) was calculated, and this 
ratio was then multiplied by the fibre value in the known food, which therefore allowed 
calculation of the amount of fibre that would be present in the unknown food on a weight 
basis. For toasted breads the calculation was also completed using the kJ method to 
account for moisture losses.  
3.2.4 Mixed dish & recipe calculations 
The fibre values in mixed dishes that contained a fibre source were calculated from the 
recipe information available in the AUSNUT 2011-13 recipe data file [107]. The recipe 
file includes details on the ingredients included in the dish, as well as any preparation 
methods that were used. The weight of each ingredient was calculated as a percentage, 
which was then multiplied by the fibre value of the food. This was repeated for all fibre 
containing foods in the recipe and the values were added together to give a total value for 
each dish. The calculation method for calculating fibre values from recipes is shown in 
Equation 3.1. Food sources contributing <1% to the total recipe were not included in the 
calculation, since these foods contributed insignificantly to the total fibre content of the 
recipe. For most recipes, these exclusions were limited to only singular foods, or foods 
that were not included in the FCD. This did not have a significant effect on the overall 





% of ingredient= (weight of ingredient (g)/ total weight of ingredients (g)) x 100 
Fibre content = fibre content of ingredient X % of ingredient 
Fibre content of recipe= sum of fibre content of all ingredients 
Equation 3.1 Calculation method for calculating fibre value for recipes 
3.3 Results 
In total, 2624 foods were included in the FCD, while 3116 foods were excluded from the 
database (Table 3.1). Exclusions are shown in the database, with reasons for their 
exclusion noted. Data was unavailable for some foods, therefore a range of sources 
needed to be used in the creation of the database, introducing limitations which are 
discussed below. This lack of data also meant that exclusions were made for whole food 
groups (e.g. non-fibre containing foods) as discussed above, but also for individual foods. 
Details of these exclusions can be seen in the database [135] .   
TABLE 3.1 Number of foods in each category for excluded and included foods 
Included/Excluded Categories Number of Foods 




Whole categories were excluded if they were likely an insignificant 
source of fibre in normally consumed quantities; OR they contained 
minimal or no fibre as a category AND data was unavailable 
2972 
Excluded- minimal or nil 
fibre 
Food was excluded if it contained nil or minimal fibre (<1g/100g 
AUSNUT dietary fibre) AND data was unavailable 51 
Excluded- insignificant 
fibre source 
Food was excluded if it was likely an insignificant source of fibre (in 
population diet) AND data was unavailable 65 
Excluded- nil data Food was excluded if there was NO data 28 




Matched to corresponding 
food 
AUSNUT item was matched to a corresponding fibre containing food 
in the FCD 
2261 
Recipe calculation Fibre value was calculated as outlined in methods section 2.2.2 336 
kJ Calculation Fibre value was calculated as outlined in methods section 2.2.1 27 




The FCD dataset included 261 fibre containing foods for which analytical values for 
soluble and insoluble fibre were available. These foods mostly included those from the 
breads and cereals, fruits and vegetables, nuts and seeds and discretionary food groups. 
These foods were matched to the AUSNUT 2011/13 Database to enable a fibre category 
profile for all relevant fibre containing foods in the AUSNUT database. This resulted in 
database of 2624 foods which could be used to calculate values for soluble and insoluble 
fibre. Food group categories that were included and excluded in the database are shown 
in Table 3.2. Data for resistant starch was so minimal that a full database was unable to 
be created. An example from the database (Table 3.3) demonstrates how individual foods 
were matched to a larger number of foods based on the referent food category. It also 
demonstrates some differences in the amount of fibre in the matched foods, however these 
values were the best available match and therefore utilised to obtain the soluble and 
insoluble fibre data for the purposes of this research. Access to the full database is 
available in the published manuscript [135].  
Table 3.2 Food group categories included or excluded in the fibre categories database 
Food Groups in the Fibre Categories Database 
Excluded Food Groups Included Food Groups 
Code Food Group Code Food Group 
14 Fats and oils 11 Non- alcoholic beverages 
15 Fish & seafood 12 Cereals & cereal products 
17 Egg products & dishes 13 Cereal based products & dishes 
18 Meat, poultry & game products & dishes 16 Fruit products & dishes 
19 Milk products & dishes 21 Soup 
20 Dairy & meat substitutes 22 Seed & nut products & dishes 
27 Sugar products & dishes 23 Savoury sauces & condiments 
29 Alcoholic beverages 24 Vegetable products & dishes 
30 Special dietary foods 25 Legume & pulse products & dishes 
32 Infant formulae & foods 26 Snack foods 
33 Reptile, amphibia & insects 28 Confectionary & cereal/fruit/nut/seed bars 
  31 Miscellaneous 
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The creation of this fibre categories database will allow analysis of dietary intake data in 
relation to total fibre, soluble fibre and insoluble fibre. To date, this task has been 
relatively difficult with a lack of food composition data currently available which includes 
soluble and insoluble data in food composition databases, values across a large range of 
sources and a limited range of foods with analysis. Australia, like most other nations, 
currently only includes total fibre in their food composition databases [107]. To allow 
further study of the types of dietary fibre and their impact on human health, it is necessary 
to source the data for fibre types independently, which is a difficult process, limited by a 
lack of available data.  
Current research suggests that the source and types of dietary fibre are important to human 
health [102]. Since most current food composition databases do not contain this 
information [107, 122-124], it is difficult to conduct research in this area. Many studies 
into the health benefits of fibre types or categories are conducted by supplementing the 
diet of study participants [68-70], however since humans eat a varied diet, examining the 
health benefits of different dietary fibres in the context of the whole diet would make a 
useful contribution to current literature. The creation of this database represents one 
method to overcoming this obstacle, despite the limitations in its creation.  
This study found data on dietary fibre was available from a range of sources, but there 
were limitations. The large variation in the fibre determination methods used by the 
different data sources was challenging. For example, the data obtained from the Grains & 
Legumes Nutrition Council (the analysis of approximately 50 grain/legume foods by 
Grain Growers Ltd with support from Goodman Fielder Ltd and Ingredion ANZ Pty Ltd) 
used methods AOAC 2002.02 for resistant starch; AOAC 985.29 for total dietary fibre; 
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and AOAC 991.42 for soluble and insoluble dietary fibre, while the analysis conducted 
by Li et al. (2002) utilised method AOAC 991.43 to determine soluble and insoluble fibre 
[133], the study by Ramulu & Rao (2003) utilised method AOAC 985.29 for total, soluble 
& insoluble fibre [132] and the analysis by Marlett (1992) used a modification of the 
Theander method [134]. As discussed previously, the drawback of these methods is that 
they are inappropriate for the measurement of LMWDF, such as inulin, FOS, GOS and 
polydextrose, and they only measure RS3 category of resistant starch. Currently, of the 
approved methods, only AOAC method 2009.01 and AOAC method 2011.25, and the 
updated method AOAC 2017.16 claim to measure the total content of DF as defined by 
the Codex Alimentarius Commission (CAC), with no double counting of any components 
[25, 30]. Ideally any future analytical work examining dietary fibre would utilise these 
methods. The different methods utilised for the different data sources introduces 
variability into the database results, with some fibres being missed when older methods 
were utilised. The details of the fibre determination methods were not available for some 
sources, and therefore the methods used were not always clear, with this particularly true 
for the NZ Food Files Database [130]. This is a major limitation of the study, and it is 
important to consider that while the data obtained may not be as accurate as if analytical 
methods were used for all determinations, in most cases this is the only data available. It 
is therefore the best available data. This limitation would have contributed to the fact that 
some foods showed a large difference between the FCD total fibre value compared to the 
AUSNUT total fibre value as shown in Table 3.3. The database is also limited in that 
seasonal or subtype/cultivar variation for dietary fibre is not taken into consideration. The 
subtypes of some foods (e.g. different lines of wheat or barley) may alter the fibre content 
[136] and this variation is not accounted for in such a limited data set, limiting the 
accuracy. However, this is the first collection of dietary fibre categories listed in a single 
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resource and provides a good starting point for additional work, particularly analytical 
determinations where data is particularly limited. Future work should include expansion 
of analytical work to more accurately reflect a greater variety of foods and the impact 
seasonal variety has on nutrient content, including dietary fibre types.  
Creation of the FCD and the process of matching this database to AUSNUT 2011-13 also 
had significant limitations. The lack of available data on soluble, insoluble and resistant 
starch is a major limitation. Worldwide, major food composition databases do not include 
data for soluble or insoluble fibre, or resistant starch [122-124], with the only known 
database to include soluble or insoluble fibre data, for some foods, being the Finnish Food 
Composition Database, known as Fineli. Since budget limitations prevented original 
analysis, data needed to be obtained elsewhere. This meant that data was unavailable for 
some foods, and that a range of sources needed to be used in the creation of the database.  
This also meant that data for resistant starch is incomplete in the database.  
During database development, some foods, as well as whole food groups were excluded. 
Reasons for exclusions have been outlined, and while the main reason for exclusions was 
based on a zero-fibre content, some foods were also excluded based on a lack of available 
data. However, most foods that were excluded due to lack of data contained smaller 
amounts of fibre (usually <1g/100g) and were also likely to have insignificant intakes in 
many study populations. For example, some tropical fruits which would have highly 
limited consumption in the Australian populations were excluded, for creation of this 
Australian food database. A limitation also exists for foods where the fibre value was 
obtained through a recipe calculation. The fibre value may be underreported due to the 
fact that ingredients contributing less than 1% to the recipe having been omitted. As a 
result, some minor sources of dietary fibre have been excluded from the database, 
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however, the impact of excluding these foods is likely to be minimal and this database 
provides the best possible estimate for soluble and insoluble fibre.  
The foods with available data needed to be matched to all possible examples within the 
AUSNUT database; sometimes this meant that foods were matched to an appropriate 
representative food rather than an exact match, for example limes (AUSNUT) were 
matched to lemons (FCD). Professional judgement was used in this process and the 
Australian Health Survey (AHS) categorisations of foods were considered, with whole 
categories matched to their best available match (for example, all variations of fresh pears 
in the original AUSNUT database were matched to the single variety of fresh pear in the 
new FCD). In addition, this database, while aimed at use in Australia, needed to source 
international data. While this limits its precision in calculation of Australian values for 
soluble and insoluble fibre, it recognises that significantly more studies are required to 
produce this detailed information. Given similar limitations internationally, this database 
could be easily modified for use in other countries using the same food matching 
methodologies. 
Despite the limitations outlined above, application of the newly created FCD allows for 
calculations of soluble and insoluble fibre present in a range of foods, and is particularly 
useful for examining the ratios of these fibre categories in foods. It should be noted that 
while the database provides two values for total dietary fibre, the value for AUSNUT 
fibre remains the more accurate value for total fibre and this should be considered in any 
application of the database. Most importantly, in any application of this database, it 
should be remembered that solubility is a continuum whereby fibres can be made more 
or less soluble under conditions of different pH (for example), and so these classifications 
are the traditional assignment of soluble and insoluble. Most critically, this does not mean 
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that fibres classified as soluble are wholly fermentable in the large bowel and those 
classified as insoluble fibres undergo no fermentation. However, it represents one method 
of classification which tends to match a number of health effects, where, for example, 
insoluble fibre is typically associated with laxation and soluble fibre with cholesterol 
lowering or glucose attenuation. If we research fibre in order to investigate health 
attributes, then utilising a system to categorise the fibres based on health effects is a 
reasonable choice. 
3.5 Conclusions 
The creation of the FCD provides a useful tool to analyse fibre type intake data and 
possible health outcomes in the context of a whole diet. This database represents a 
foundation from which dietary fibre categories data can be expanded, but it also presents 
an opportunity to examine dietary fibre intakes in different settings, such as in clinical 
settings, or in large population studies to examine the intake of different categories of 
dietary fibre.  
The next two chapters demonstrate the application of this database to the dietary data 
obtained from a randomised controlled trial (where participants have followed healthy 
eating guidelines) and a large observational population dataset to investigate any health 
effects or markers that may be associated not only with total dietary fibre intake, but 
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A major component of this chapter is the substantive content of the following article: 
Fuller, S., Tapsell, LC., and Beck, EJ., Application of a fibre categories database to 
quantify dietary fibre intake in an intervention and population dataset. For 




Dietary fibre is made up of a complex and heterogeneous group of substances that have 
different physical, chemical and physiological properties, making it difficult to define 
[137, 138]. All current definitions recognise fibre as a group of carbohydrate polymers or 
oligomers that escape digestion in the small intestine, passing into the large intestine, 
where they are either partially or completely fermented by gut microbiota. Some 
definitions also incorporate the range of health benefits that can be attributed to dietary 
fibre including increased faecal bulk/ laxation; reduced total and/or LDL serum 
cholesterol levels; and attenuation of postprandial glycaemia/insulinaemia [23, 139].  
These health effects underpin advice to increase consumption of dietary fibre.  In addition 
to the well-established health benefits outlined above, fibre has been shown to play a role 
in helping weight regulation and reducing body weight [140] and reducing blood pressure 
[141]. To target specific health outcomes such as weight management and blood lipid 
lowering  in clinical practice, there may be advantages in considering different types of 
dietary fibres  rather than treating dietary fibre as a single nutrient [142].  For example 
soluble fibre may be more effective in lowering serum cholesterol levels[143], but both 
insoluble and soluble fibres may improve blood pressure [144], although it must 
consistently be noted that the categorisation of fibres is not binary and perhaps more of a 
continuum.  
To observe associations in practice, it is important to assess the types of fibres consumed 
(typically categorised as soluble and insoluble) and examine the changes in patterns of 
consumption with changes in outcomes such as lipid profiles. Dietitians, as scientific 
experts in dietary counselling, must have a deep understanding of food composition and 
be able to provide effective counselling specifically addressing food preferences and 
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integrating dietary goals into cuisine style.  They need to tailor advice to individuals that 
allows for patient-centred, supportive and collaborative dietary counselling. It has been 
shown that patients who received individualised counselling sessions with dietitians 
produced greater improvements in diet quality [145]. This lies in stark contrast to general 
advice often seen where healthcare providers base advice on copies of population based 
dietary guidelines. Whether these differences in approach would be relevant in 
consideration of advice regarding type of fibre consumed is not known. 
To begin with, there are challenges in estimating dietary fibre. Several methods  are 
available for the measurement of dietary fibre [146] and in effectiveness trials, each type 
of fibre in the diet  should be assessed analytically to confirm consumption. In 
observational research, however, food composition databases are relied upon, where 
values for foods ingested are matched to values in the database. As most countries, have 
a food composition database that outlines only total dietary fibre [107], the FCD (Chapter 
3) was developed and applied here in analyses of dietary intakes [147] in a clinical trial 
setting.  
The HealthTrack lifestyle intervention trial provided an opportunity to examine the 
applicability of the FCD. A first step was to describe the range of fibre intakes and then 
to confirm whether known relationships could be observed, such as between dietary fibre 
and lipid levels. The ability to observe any relationships with fibre intake was enhanced 
by the trial design including the provision of a high fibre food supplement in one arm 
(30g walnuts/day). Many studies examining different dietary fibres involve 
supplementation with a particular fibre supplement or food sources [143, 148, 149]. 
Therefore the aim of this study was to review the utility of the newly developed FCD to 
assess dietary intake of different dietary fibre components in participants of a lifestyle 
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intervention trial and to identify any possible relationships with metabolic markers at 
baseline and after 3 months intervention. This provides the first work in examining if the 
FCD might be relevant to research that would help guide advice on different types or 
categories of dietary fibre in practice. 
4.2 Methods 
This study involved the application of the FCD to a clinical trial dataset. The FCD 
contains total (TDF), soluble (SDF) and insoluble (IDF) fibre values, in addition to the 
AUSNUT fibre value, for the majority of fibre containing foods in the database of 5740 
foods. Application of the database provides two values for total dietary fibre, both 
AUSNUT dietary fibre (total fibre) and total dietary fibre from the FCD, with slight 
differences between these values (Chapter 3) [147]. For the purpose of this analysis, 
AUSNUT dietary fibre was utilised as the best available total fibre value, while the FCD 
provided the best available measurement of the relative contribution of soluble and 
insoluble fibre to the diet. Given differences in precise food sources, they are an 
estimation of relative contribution but provide the best available estimate, available 
anywhere in published literature, for these fibre categories. The contributions of each food 
group to dietary fibre was analysed by categorising foods according to the groups used in 
the Australian Health Survey [129].  
To examine the utility of the FCD, it was applied to a dataset from a lifestyle intervention 
trial (the HealthTrack study) in which dietary advice was provided by dietitians or nurses.  
The study sample, recruited from the Illawarra community, south of Sydney, Australia 
included adults 25-54 years with BMI of 25-40 kg/m2. After initial screening, written 
informed consent was sought from the participants. As described (Chapter 2), the 
candidate acted as a dietitian in the study allocated responsibility for all intervention and 
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data collection of a randomised group (approximately one third of the intervention 
groups) in the HealthTrack study. A dataset from the total number of n=377 participants 
who underwent a baseline assessment of diet, weight and blood lipids and were 
randomised into a study group was used here. At the three-month time-point the study 
sample for the thesis analysis included all participants who completed the three-month 

















FIGURE 4.1 Flowchart of the HealthTrack study recruitment diagram and available 
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The fully detailed study protocols for the trial (the HealthTrack study) are published 
[151], as are the primary outcomes [150]. HealthTrack was registered with the Australian 
New Zealand Clinical Trial Registry (ANZCTRN12614000581662). In brief, 
HealthTrack was designed as a three-arm, 12-month parallel randomised controlled trial 
of lifestyle advice, delivered by a health practitioner (dietitian or nurse). All groups 
received the same intensity of intervention, but the clinical interface was provided by a 
nurse (providing copies of Australian dietary guidelines + Australian Physical Activity 
Guidelines [152]) in the control group, and a dietitian (including the thesis candidate), in 
the two intervention arms, with one group also receiving a supplement of 30g of walnuts 
per day (intervention + walnuts).  Three lifestyle practitioners (dietitian, exercise 
physiologist, psychologist) had input into the intervention protocol so the dietitian also 
provided exercise guidance, and health coaching was provided by phone between clinic 
visits. Dietetic counselling focused on food choices with reference to the food categories 
used in the Australian Guide to Healthy Eating [9]. The primary outcome was body 
weight (kg), and secondary outcomes included fasting blood lipids, both of which are 
relevant to consider in relation to intake of dietary fibre. HealthTrack aimed to 
differentiate the effectiveness of different models of dietary care including general advice 
(not provided by a dietitian but nurses); counselling by a dietitian using recognised advice 
individualised for the patient; and similar counselling but with the provision of a specific 
healthful food supplement in this case, walnuts. Ethics approval for the study (including 
the current analysis) was granted by the University of Wollongong/Illawarra Shoalhaven 
Local Health District Human Research Ethics Committee (HE13/189)   
Dietary intake was assessed using a diet history interview conducted by an APD 
(including the candidate as an APD) at clinic visits. During a structured interview, 
participants were asked to describe their usual types and amounts of food and drinks 
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consumed over the previous 3 months and this included review by the APD to prompt 
items which may have been missed [153].  A template of the form used to complete the 
diet history interview is included in Appendix 1. Dietary data was entered into 
FoodWorks nutrient analysis software [154] using the AUSNUT 2007 food composition 
survey database [155]. HealthTrack dietary data was exported from FoodWorks into 
Microsoft Excel, where it was matched to the AUSNUT 2011/2013 database [107] and 
underwent an extensive data cleaning process, including auditing and entry-checking by 
a second researcher [156]. 
Data from visits subsequent to the 3 month visit in the HealthTrack trial were not 
examined for this thesis due to the number of participants dropping out and reducing the 
power for such an analysis. The Statistical Package for Social Sciences (SPSS) [157] was 
used. Descriptive statistics were applied to present fibre intakes, adjusted for energy 
intake (g fibre/10MJ). Descriptive statistics were conducted for anthropometry and health 
outcomes and a paired t-test was used to examine changes between baseline and three 
months. The mean and distribution of intakes of dietary fibre categories at baseline and 
three months were determined, and after testing for normality were log transformed. Log 
transformed data was also used to conduct a partial correlation on the baseline data to 
identify any associations between fibre type intake and health outcomes (anthropometry, 
blood pressure, heart rate, blood glucose levels, cholesterol and triglycerides), while 
controlling for energy intake. A Paired t-test (for n=293) was used to examine the 
significance of changes in fibre intake within groups, after adjusting for energy intake (g 
fibre/10MJ) between baseline and three months. One Way Analysis of Variance 
(ANOVA) was used to determine the significance of changes in fibre intake between 
groups. Change in fibre intake and changes in anthropometric and health outcomes 
between baseline and 3 months (n=293) was calculated using complete datasets for each 
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group- Intervention + Walnut (IW) (n=104), Intervention (I) (n=96) and Control (C) 
(n=93). Data from participants was divided into quartiles based on adjusted total 
AUSNUT fibre intake (g/10MJ) at 3 months. One-way analysis of variance (ANOVA) 
was used to assess changes between each quartile, within each study group, for all 
outcomes. Results were considered statistically significant when P<0.05.  
4.3 Results 
Participant characteristics of the baseline sample (N=377) were 74% female, average age 
of 45 years, with an average BMI of 32kg/m2. There were virtually no smokers (4%) 
[158]. The application of the FCD produced an adjusted mean daily fibre intake at 
baseline for the analysis sample (n=377) of 29.5g total dietary fibre/10MJ; 17.1g 
IDF/10MJ & 6.6g of SDF/10MJ (Table 4.1).  After adjusting for energy intake, it showed 
women consumed more of all categories of dietary fibre than men (Figure 4.2). Only 47% 
of participants were shown to meet the adequate intake (AI) for total dietary fibre ( 










TABLE 4.1 Intake of fibre categories (g/10MJ) at baseline and 3 months & change in 
dietary fibre intake (g/10MJ) from baseline to 3 months 
 















377 29.5 8.93480     
IDF 377 17.1 6.11336     





93 34.2 8.98326 93 4.4 10.44177 .000* 
 IDF 93 20.4 6.13343 93 3.2 6.43851 .000* 






104 38.7 10.42847 104 9.5 9.57748 .000* 
IDF 104 24.2 7.92264 104 7.2 7.22096 .000* 





96 39.3 10.40208 96 8.9 10.92451 .000* 
IDF 96 24.7 7.68013 96 7.4 7.70353 .000* 
SDF 96 8.6 2.18684 96 1.9 2.52478 .000* 







FIGURE 4.2 Mean adjusted fibre intake (g/10MJ) in HealthTrack participants at 
baseline 
Likewise, application of the FCD showed that at the three-month time point, all study 
groups had significantly increased their mean dietary fibre intake (total, soluble and 
insoluble fibre) (P<0.001) (Table 4.1). Both intervention groups (IW and I) saw a greater 
increase in intake of all fibre categories compared to the control (C) group (Figure 4.3). 
The analysis exposed a significant difference in change in total fibre (P<0.001) and IDF 
(P<0.001) between study groups presenting as significant differences between the 
intervention and control groups (IW; P=0.002 and I; P=0.009) at three months. Significant 
differences were also seen for IDF between the C and both the IW and I group (both 
P<0.001). No significant differences between the IW and I groups, or between any of the 





































FIGURE 4.3: Mean change in fibre intake (g/10MJ) at 3 months for total fibre, IDF 
and SDF for the Intervention + walnut (IW), intervention (I), and control group (C) 
(Paired T- test (*P<0.05)). 
Significant associations between total fibre intake and all weight variables were observed 
at baseline, after adjusting for energy intake (Table 4.2). These parameters included 
weight, BMI, waist circumference and body fat, which showed a positive association 
between intake of the majority of fibre measures. Where there were exceptions the data 
still showed a trend toward significance (P<0.1). Significant associations were also 
observed between SBP and IDF; triglycerides and IDF; non-HDLC and total fibre; and 
between HDL-C and total cholesterol: HDL cholesterol ratio and all fibre measures. All 
correlations showed an increased fibre to be associated with more positive changes in the 








































TABLE 4.2 Association between health parameters and fibre intake for HealthTrack 
participants at baseline after controlling for energy intake 
 Correlation Sig 
Weight Total Fibre -.119 .029* 
 IDF -.091 .096 
 SDF -.092 .093 
Waist Total Fibre -.119 .029* 
 IDF -.112 .040* 
 SDF -.131 .017* 
Body Fat Total Fibre -.107 .051 
 IDF -.128 .019* 
 SDF -.129 .018* 
BMI Total Fibre -.172 .002** 
 IDF -.184 .001** 
 SDF -.185 .001** 
SBP Total Fibre -.100 .068 
 IDF -.117 .033* 
 SDF -.084 .127 
DBP Total Fibre -.073 .185 
 IDF -.090 .100 
 SDF -.050 .359 
HR Total Fibre -.047 0.393 
 IDF -.053 0.332 
 SDF -.052 0.343 
Fasting Glucose Total Fibre -0.069 0.211 
 IDF -0.077 0.162 
 SDF -0.078 0.157 
HbA1c_IFCC Total Fibre -0.006 0.908 
 IDF 0.007 0.899 
 SDF -0.056 0.305 
Cholesterol Total Fibre -0.074 0.175 
 IDF -0.02 0.711 
 SDF -0.042 0.443 
Triglycerides Total Fibre -0.085 0.123 
 IDF -0.118 0.031* 
 SDF -0.053 0.330 
HDL Total Fibre 0.122 0.026* 
 IDF 0.171 0.002* 
 SDF 0.132 0.016* 
TC: HDL ratio Total Fibre -0.155 0.004** 
 IDF -0.164 0.003** 
 SDF -0.145 0.008** 
LDL Total Fibre -0.102 0.061 
 IDF -0.058 0.294 
 SDF -0.083 0.129 
Non HDLC Total Fibre -0.119 0.029* 
 IDF -0.081 0.140 





At baseline participants obtained most dietary fibre from vegetables, cereals, nuts & 
seeds, with amounts varying across the three study arms.  At 3 months, participants in all 
study groups saw an increase in total fibre from fruit, an increase in IDF from vegetables 
and an increase in SDF from cereals and cereal products (Table 4.3).  
Participants eating the greatest amount of dietary fibre demonstrated improved 
anthropometry and biochemistry at 3 months (Table 4.4). In the IW group, participants in 
the quartile with the highest total dietary fibre intake showed the greatest improvement 
in anthropometric measures (weight P=0.009; BMI P=0.004 and waist circumference 
P<0.001) at 3 months, after adjusting for energy intake, compared to those in the lowest 
quartile. IW participants in the highest quartile showed the largest weight loss (4.41kg) 
and decrease in BMI (-1.58kg/m2). There were significant changes in energy intake in the 
IW group, but no trend was observed between quartiles. No significant changes were 






TABLE 4.3 Percentage of food groups contributing to dietary fibre intake (TDF, IDF and SDF) for each intervention group at baseline and 
the change after 3 months. 
FOOD GROUP 
BASELINE PERCENTAGE CHANGE SINCE BASELINE 
TOTAL 
FIBER % 
IDF % SDF % 
TOTAL 
FIBER % 
IDF % SDF% 
IW I C IW I C IW I C IW I C IW I C IW I C 
Cereal based products 






9 -3.6 -2.0 -3.0 -0.2 0.2 1.0 -5.0 -2.1 -1.5 


























bars  2.9 2.6 3.3 3.0 3.4 3.4 1.7 1.6 1.9 -1.8 -1.4 -1.5 -2.2 -2.5 -2.2 -0.8 -0.7 -0.8 
Fruit products and 



















1.3 -0.5 -1.0 3.0 0.9 1.7 
Legume and pulse 
products and dishes  2.1 2.4 2.4 2.8 4.7 3.0 1.6 2.4 2.1 1.1 1.7 0.4 0.6 -1.6 -0.6 1.1 -0.1 0.8 
Miscellaneous  6.6 6.5 6.4 0.3 0.5 0.4 1.3 0.7 1.0 -5.7 -5.9 -5.7 1.5 0.3 0.5 -1.3 -0.7 -1.0 
Seed and nut products 
and dishes  8.1 8.8 8.0 5.4 4.9 7.0 2.3 2.2 2.4 -0.9 -6.0 -2.6 -3.9 -3.3 -4.7 -2.3 -2.2 -2.4 
Snack foods  1.9 2.2 2.3 1.5 1.6 1.3 1.9 2.1 2.5 -1.4 -1.6 -1.2 -0.7 -0.8 -0.2 -0.6 -0.8 -0.7 
Vegetable products 


















9 -1.1 -0.9 -4.1 3.7 2.9 1.7 -2.3 -4.3 -10.0 





Table 4.4 Change in disease risk factors and change in fibre intake, analysed by quartiles for total fibre intake at 3 months 
  Control   Intervention + Walnut Intervention 
N Mean Std. 
Deviation 
Sig. N Mean Std. 
Deviation 
Sig. N Mean Std. 
Deviation 
Sig. 
Weight quartile 1 24 -0.32 2.25 0.002* 26 -1.00 2.13 0.009* 24 -1.87 2.16 0.369 
quartile 2 23 -0.68 2.06 26 -1.95 4.14 24 -2.23 2.72 
quartile 3 23 -2.78 2.94 26 -3.02 3.69 24 -2.35 3.99 
quartile 4 23 -2.17 2.37 26 -4.41 4.41 24 -3.37 3.05 
Total 93 -1.47 2.60 104 -2.60 3.86 96 -2.46 3.06 
Body Fat quartile 1 24 -0.38 1.71 0.626 26 -0.84 2.08 0.696 24 -1.18 2.15 0.815 
quartile 2 23 -1.10 2.18 26 -1.55 3.52 24 -1.73 1.87 
quartile 3 22 -0.82 1.79 26 -1.62 2.46 24 -1.21 2.85 
quartile 4 22 -0.81 1.84 25 -1.84 4.24 24 -1.28 2.08 
Total 91 -0.77 1.88 103 -1.46 3.15 96 -1.35 2.24 
BMI quartile 1 24 -0.12 0.80 0.001* 26 -0.32 0.72 0.004* 24 -0.67 0.76 0.336 
quartile 2 23 -0.23 0.68 26 -0.55 1.54 24 -0.77 0.99 
quartile 3 23 -1.00 1.00 26 -1.05 1.18 24 -0.76 1.25 
quartile 4 23 -0.76 0.86 26 -1.58 1.59 24 -1.16 0.98 
Total 93 -0.53 0.91 104 -0.87 1.38 96 -0.84 1.01 
Waist 
circumference 
quartile 1 24 -0.99 3.42 0.085 26 -1.99 3.80 0.000* 24 -1.91 5.12 0.094 
quartile 2 23 -2.67 4.58 26 -1.54 4.76 24 -3.27 5.22 
quartile 3 23 -4.16 7.49 26 -6.09 5.69 24 -2.93 5.91 
quartile 4 23 -4.85 5.74 26 -6.22 5.71 24 -5.75 5.32 
Total 93 -3.14 5.61 104 -3.96 5.45 96 -3.47 5.50 
Quartile 1 has the 25% of participants with the lowest fibre intake, while quartile 4 has the 25% of participants with the highest fibre intake. ANOVA was used for 




Dietary fibre represents a complex group of substances, with diverse physiological properties 
which have implications for dietary advice in clinical settings. This secondary analysis of data 
from the HealthTrack study presented a unique opportunity to examine not only overall fibre 
intake, but also the types of dietary fibre (categorised as soluble and insoluble) in a set of 
detailed dietary data, to consider the relevance of fibre types in the context of dietetic 
counselling.  
The application of the FCD confirmed known features of fibre reported in the literature on the 
relationship between dietary fibre and body weight [140, 150, 159, 160]. After adjusting for 
energy intake (kJ), the baseline analysis finding of significant associations between health 
status and intake of different categories of fibres attested to the utility of the FCD in clinical 
research.  This finding was strengthened with the observed negative correlation between dietary 
fibre and body weight, waist circumference, body fat and BMI (P<0.05) at baseline, confirming 
that those who usually consumed more dietary fibre are likely to have reduced anthropometric 
indices. This concurs with studies reporting an inverse association between dietary fibre and 
changes  in weight and waist circumference [159], and talks to the relevance of  increased 
dietary fibre in weight management in clinical practice. These outcomes occurred independent 
of energy intakes, which is important knowledge for dietitians in practice. It appears that 
encouraging improvements in diet quality, through strategies such as increased dietary fibre, 
even if energy restriction is difficult (or a patient finds adherence difficult), may improve 
anthropometric indices. 
The impact of dietary fibre on blood lipid levels is well documented, especially the effect of 
dietary fibre on cholesterol levels and the role of soluble fibre [143, 148]. Blood cholesterol 
levels are a major risk factor for coronary artery disease. Dietary interventions, including 
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increasing dietary fibre, are considered a first line approach to reducing cholesterol levels 
[143]. Dietary fibre, especially cereal fibre intake, has been shown to be associated with a lower 
risk of both cardiovascular disease and coronary heart disease [8]. By applying the FCD to this 
clinical dataset and demonstrating a significant correlation between fibre intake and blood lipid 
measures (triglycerides and IDF P<0.05, non-HDLC and all fibre categories P<0.05) as well 
as all fibre categories and HDL cholesterol and TC: HDL levels (P<0.01) we demonstrated its 
potential value in the clinical research setting. There are clearly limitations, however, notably 
that  these relationships  were not seen with soluble fibre which is typically associated with 
lowered LDL [143]. The relationship between dietary fibre and glycaemic control is also well 
established [161], however no significant correlations were observed between fibre intake and 
blood glucose control in this study.  The HealthTrack study was however not powered to test 
these individual effects, so future work may investigate the relevance of quantifying categories 
in groups who could most benefit from attenuation of blood glucose responses such as those 
with diabetes.  
When the FCD was applied to dietary intake data it showed that when dietary guidelines are 
advised in the clinical setting, fibre consumption may increase, at least in the short term 
(significant increase between baseline and three months, P<0.001) regardless of the method of 
advice/counselling. However, dietetic counselling appears to produce a greater increase in fibre 
intake (P<0.001), which may reflect differences in the types of foods discussed, (e.g. focusing 
on specific whole grains, and preferred fruits and vegetables), and the supplemented group 
being provided with a high fibre food in the form of walnuts. More detailed data from the 
application of the FCD exposed further variations across the study arms, such as the 
intervention groups increasing their total fibre consumption from fruit and their IDF 
consumption from vegetables more so than the control group. Further, these greater increases 
suggest that individualised advice delivered by a dietitian may be more effective in improving 
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fibre intake and fibre variety. Indeed a separate analysis of changes in diet quality within the 
HealthTrack study showed improvements in overall diet quality [145], and dietary fibre has 
been shown to be a strong indicator of diet quality [162].  
Where the diet was supplemented with a food with fibre (walnuts), the expected improvements 
could be better exposed. Participants in the supplemented group within the highest quartile for 
dietary fibre showed the greatest improvement in anthropometric measures at three months 
compared to those in the lowest quartile (P<0.05). As those who consumed the most DF also 
lost the most weight (P<0.01) the known relationship between dietary fibre and weight loss 
was also seen in this setting. Other studies have found that higher intakes of dietary fibre can 
improve disease risk factors such as body weight, waist circumference, blood pressure, fasting 
glucose and cholesterol levels [160]. Other research from the  HealthTrack study itself showed 
that improving diet quality, beyond energy restriction and weight loss, can also improve disease 
risk factors [150].  
Participants in all groups increased their intake of dietary fibre from cereals, with cereal foods 
also representing a major source of SDF. Other studies have had similar findings, whereby 
those with the highest intake of whole grains and cereal fibre having improved health outcomes. 
A large prospective cohort study found that high consumption of whole grains or cereal fibre 
was significantly associated with reduced risk of all-cause mortality and death from CVD, 
cancer, diabetes, respiratory disease, infections, and other causes [163]. Compared with 
individuals with the lowest intake of cereal fibre, those in the highest intake group had a 19% 
lower risk of all-cause mortality and 15 to 34% lower risk of disease-specific mortality. The 
authors suggested that the protective effects of whole grains may be due, at least in the main 
part, to its cereal fibre component [163]. 
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The main limitation of this analysis is that the HealthTrack study, from which data were taken, 
was not designed to test the effects of dietary fibre intake on health outcomes. This analysis 
however took advantage of an excellent opportunity to examine dietary fibre in a practice 
related setting and to further differentiate between the types of dietary fibre where metabolic 
outcomes are of concern.  
Limitations related to the database used have been discussed elsewhere (Chapter 3)[147]. 
Further limitations in relation to this study also arose in relation to assessments of the intake of 
soluble and insoluble fibre. The application of the FCD provided a TDF value that differed 
from that provided from the more generic AUSNUT fibre value, where it was lower, and 
therefore the soluble and insoluble fibre values can also be expected to be lower than the true 
intakes. However, the analysis did provide an indication of the relative dietary contributions of 
soluble and insoluble fibre, and importantly identified the food sources contributing these fibre 
types in participants’ diets.   
Limitations in this study also relate the collection of dietary data, , such as the underreporting 
that tends to arise in higher BMI categories when reporting dietary intake, with underreporting 
in women also problematic [164]. Since the HealthTrack study sample included 74% women 
and those in higher BMI categories, these limitations are worth noting. Underreporting has also 
been demonstrated in subjects with low education and low literacy levels [164], however it is 
less likely to have an influence on results, as the HealthTrack sample was found to be well 
educated (trade/ apprenticeship 5.3%, certificate/diploma 28.9%, university degree 30.2%, post 
graduate degree 20.2%) [151].   
Since there is limited data available on the types of dietary fibre available in most food 
composition databases, this secondary analysis of the HealthTrack data offered a unique way 
to examine intake of categories of dietary fibre in a free-living clinical population, as many 
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major studies conducted on dietary fibre utilise dietary fibre supplements  [143, 165]. The 
application of the dietary fibre categories database to the analysis of the HealthTrack data, 
allowed the analysis of the intake of soluble and insoluble fibre intake and how this may relate 
to a change in disease risk factors.  While the results are limited in a quantitative sense, they 
highlight the differences in intake and may provide guidance for practitioners towards specific 
foods to increase for patients’ specific requirements. Most critically, the majority of positive 
results seen here, have resulted from a general increase in dietary fibre which was not 
necessarily further exposed in application of the FCD. Generally, however, it may be that 
because the FCD is a relatively crude measurement, specific studies designed to modify a 
specific fibre type would be required to show the most relevant use of the FCD.  
4.5 Conclusion 
Since dietary fibre represents a complex group of substances with diverse physiological 
properties, increasing intakes of dietary fibres could have a range of effects, but they may be 
difficult to ascertain. The results of this HealthTrack secondary analysis were able to 
demonstrate another significant dimension of targeted and individualised nutrition advice for 
improving diet quality. Critically, this work also serves as a model of how examination of 
different categories of dietary fibre may be undertaken wherever dietary data is collected and 
why this may be important. 
The next chapter expands upon the application of the fibre categories database, and follows a 
similar methodology, however, the database was applied to a larger population dataset in order 
to examine dietary fibre intakes in a different setting and examine any relationships that may 
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A major component of this chapter is the substantive content of the following article: 
Fuller, S., Tapsell, LC., and Beck, EJ., Application of a fibre categories database to 
quantify dietary fibre intake in an intervention and population dataset. For admission 




Individuals with diets high in dietary fibre have been shown to be at lower risk of heart disease, 
stroke, hypertension, diabetes, obesity and dyslipidaemia [166]. However, it is the 
physiological role of fibre that attracts much attention to dietary fibre, and in particular, 
researchers are more frequently examining the effects of individual fibres or fibre types on 
human health  (Chapter 1) [102].  
 In order to further examine the utility of the FCD for this purpose, here, it is applied to the 
AHS.  The AHS was conducted in 2011-13, and is the most recent comprehensive health survey 
conducted in Australia, and includes the 2011-12 National Nutrition and Physical Activity 
Survey (NNPAS) which collected detailed physical activity and dietary intake data from over 
12,000 participants across Australia. This data represents the most detailed nutritional data 
collected in Australia in the past 15 years [167].   
Since the food intake data of NNPAS is the most recent and representative data set for the 
Australian population, it presents a unique opportunity to explore dietary habits of the 
Australian population, including an examination of their dietary fibre intakes. The development 
of the new FCD also allows a more detailed exploration of fibre type intake than can be allowed 
through current food composition databases such as AUSNUT. Since dietary fibre has been 
demonstrated to be an important contributor to health outcomes, examination of the types of 
dietary fibre currently consumed by the Australian population may be useful to examine in the 
context of health outcomes.  
The aim of this study was to demonstrate the applicability of the FCD in the quantification of 
intake of different fibre categories in the Australian population using the 2011-12 NNPAS and 
to quantify the intake of dietary fibre as well as soluble and insoluble fibre for the 2011-12 
NNPAS participants using the FCD. This data was then used to review any relationship 
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between fibre intake and anthropometric data recorded as part of the AHS. Additionally, this 
work identifies the major food sources of soluble and insoluble dietary fibre for the 2011-12 
NNPAS participants. 
5.2 Methods 
5.2.1 Australian Health Survey (AHS) & the 2011-2012 National Nutrition and Physical 
Activity (NNPAS) Survey 
This study is a secondary analysis of the 2011-12 National Nutrition and Physical Activity 
Survey (NNPAS), which was conducted throughout Australia from May 2011-June 2012, as 
part of the Australian Health Survey (AHS) [167]. Permission was sought from the Australian 
Bureau of Statistics to utilise this data.  
The NNPAS included 12,153 participants aged 2-85 years and dietary data was collected in the 
form of a 24-hour dietary recall of food, beverages and supplements over two separate days 
[121]. The 24-hour recall questionnaire collected detailed information on all foods and 
beverages consumed on the day prior to interview, from midnight to midnight. Where possible, 
participants were contacted to participate in a second 24-hour dietary recall via telephone 
interview, at least 8 days after the first interview. The method used in the 2011-12 NNPAS was 
the Automated- Pass method [120], which was adapted to reflect the Australian food supply.  
5.2.2 Fibre Categories Database  
Development of the Fibre Categories Database (FCD) is described in Chapter 3. For the 
purposes of this study, the total dietary fibre value used was obtained from the AUSNUT 2011-
13 food composition database application and all IDF and SDF intakes were determined using 




5.2.3 Multiple Source Method  
The multiple source method [1] was employed in this study. MSM is a statistical method used 
for estimating usual dietary intakes of nutrients which was utilised to establish usual intake 
patterns from both Day 1 and Day 2 of the 24-hour recall data for total dietary fibre, IDF, SDF 
and energy intake (kJ). MSM involves a three-step procedure whereby the probability of eating 
a certain food on a random day is estimated for each individual, the usual amount of food intake 
on a consumption day is estimated and then these numbers are used to estimate the usual daily 
intake for each individual. Nutrient intakes examined here (fibre and fibre categories) were 
deemed habitual for all respondents.  
5.2.4 Food Group Contribution 
The contributions of each food group to dietary fibre were analysed by categorising individual 
foods reported by study participants into the food groups used in the Australian Health Survey 
[129], at the major category level (2 digits), using Microsoft Excel. The average of both days 
1 and 2 were utilised for each food group for both children (aged 2-17 years) and adults (aged 
18+ years).  
5.2.5 Statistical Analysis  
The Statistical Package for Social Sciences (IBM Corp., SPSS Windows version 21, Armonk, 
New York, USA) was used. Descriptive statistics were used to calculate the mean, standard 
deviation, median and IQR for fibre intake in each age category, which were based off Nutrient 
Reference Values (NRV) for each age category [5], enabling comparisons with the nutrient 
reference value for each age category. Fibre intake values were reported as absolute total fibre 
intake (g/day) and energy adjusted fibre intake (g/10MJ/day) which were adjusted to account 
for daily energy intakes. Intake was also compared to the Adequate Intake (AI). AI represents 
the median of the population intake and serves as a recommendation in the absence of further 
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data to establish an estimated average requirement (EAR) [5]. Survey respondents were divided 
into quartiles based on energy adjusted fibre intakes. A one-way Analysis of Variance 
(ANOVA) and the Tukey HSD post-hoc test was used to examine if there were significant 
differences between fibre intakes for different anthropometric measures or health markers, with 
a P<0.05 considered significant. An independent T-test was used to determine if there were 
significant differences between males and females diagnosed with a health condition (diabetes, 
hypertension, and hypercholesterolemia).  
5.3 Results 
5.3.1 Total, Soluble and Insoluble Fibre intake in adults and children in Australia  
The reported median total fibre intake ranged between 13.2g and 17.4g for male children, and 
11.8 and 14.7 for female children; while the median total fibre intake for adult males was 18.9g 
and females was 16.7g (Table 5.1). The median total fibre intake fell below the recommended 
adequate intake (AI) levels set in the Nutrient Reference Values for Australia and New Zealand 
[5] for all age groups, with only 12% of adult females and 9% of adult males meeting the AI 
for dietary fibre. While males had a higher absolute fibre intake for all types, after adjusting 
for energy intake, females (children and adults) were shown to have a higher fibre intake for 
all fibre categories. The median insoluble fibre intake for adults was 9.8g/day for males and 
8.8g/day for females; while soluble fibre intake was 4.3g/day for males and 3.7g/day for 
females (Table 5.1).  
After adjusting for energy intake, the highest median fibre intake was found in those individuals 
in the healthy weight range, while the lowest fibre intake was in the underweight range for all 
fibre categories (Table 5.2), with the underweight BMI category having a significantly lower 
total fibre and soluble fibre intake than the other BMI categories (P<0.001), however no 
significant differences were observed for insoluble fibre. 
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 Fibre Intake (g/day) Energy adjusted fibre intake (g/10mJ/day) 
Fibre Intake* Insoluble Fibre Soluble Fibre Fibre Intake* Insoluble Fibre Soluble Fibre 
Male Female Male Female Male Female Male Female Male Female Male Female 









































































































































































































































































*Fibre intake is the total fibre intake obtained using the AUSNUT 2011-13 food composition database. It is not the sum of soluble and insoluble fibre; these values are 
obtained from the FCD.  
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Table 5.2 Fibre intake for each BMI category for participants aged 18 years and over 
(energy adjusted fibre intake g/10MJ/day) 
 Fibre IDF SDF 
Underweight  n 121 121 121 
Mean (SD) 25.9 (8.3) 13.4 (5.7) 5.8 (2.1) 
Median 
(IQR) 
25.1 (9.3) 12.8 (5.6) 5.6 (2.6) 
Healthy 
Weight 
n 2736 2736 2736 





14.4 (6.6) 6.2 (2.8) 
Overweight n 2898 2898 2898 





14.1 (6.9) 6.2 (2.8) 
Obese  n 2203 2203 2203 





13.8 (6.9) 6.0 (2.7) 
N=1477 no BMI was recorded 
 
5.3.2 Quartiles of Fibre Intake 
Mean total fibre intake ranged from 18.4 in the lowest quartile, to 37.9g in the highest 
quartile of fibre intake adjusted for energy (Table 5.3), which was reflected by increases 
in both insoluble and soluble fibre. There was no trend observed in the mean BMI of 
individuals categorised into quartiles for fibre intake (Table 5.3), however, those in the 
3rd quartile of intake had the lowest BMI, and this value was significantly different 
compared to those in the lowest quartile of fibre intake (P<0.05). There were no other 
significant differences observed. There were no significant differences in waist 







Table 5.3 Fibre intake and anthropometry for quartiles based on fibre intake 
(g/10MJ/day) 
Quartile  Fibre (g) BMI (kg/m2) Waist (cm) 
Total Male Female Total Male Female Total Male Female 




































































































































































Quartile 1= lowest fibre intake; quartile 4= highest  
 
For IDF there were significant differences in those with the higher IDF intakes, with those 
in the 3rd and 4th quartiles having a significantly lower waist measurement when compared 
to those in the lower 2 quartiles (P<0.05). Those in the 3rd quartile had the lowest BMI, 
which was significant compared to those in the lowest IDF intake quartile (P<0.05) (Table 
5.4). There were no differences in BMI between intake quartiles for SDF, however there 
were significant differences in waist circumference between those with the highest intakes 
of SDF (quartiles 3 and 4) compared to those in the lowest intake quartile (P<0.05) (Table 







Table 5.4 Fibre intake and anthropometry for quartiles based on IDF intake 
(g/10MJ/day)   
Quartile  IDF (g) BMI (kg/m
2) Waist (cm) 
Total Male Female Total Male Female Total Male Female 
1 







































































































































































Quartile 1= lowest fibre intake; quartile 4= highest  
 
 
Table 5.5 Fibre intake and anthropometry for quartiles based on SDF intake 
(g/10MJ/day) 
Quartile  SDF (g) BMI (kg/m2) Waist (cm) 
Total Male Female Total Male Female Total Male Female 








































































































































































Overall (n= 12153) 5.3% of participants had been diagnosed with diabetes, 7.5% had high 
cholesterol and 15.4% had been diagnosed with high blood pressure. The percentage of 
adults for each quartile of fibre intake who had been diagnosed with high blood pressure, 
high cholesterol or diabetes are shown in Table 5.6. Contrary to expectations, for both 
males and females, those with the highest fibre intakes (quartile 4) were shown to have 
the highest prevalence of diagnosis for these disease factors, with differences between the 
lowest quartile of fibre intake and the highest quartile of fibre intake being significant 
(P<0.01) for all variables. The number of males diagnosed was also higher than the 
number of females for all variables, with significant differences between number of males 
and females diagnosed with diabetes and hypertension (P<0.05).   
Table 5.6 Percentage of adult participants (aged 19+ years) with BP, cholesterol, 
diabetes for quartiles of fibre intake (energy adjusted g/10MJ/day) 
Quartile Cholesterol 
a Blood Pressure b Diabetes c 
Male Female Male Female Male Female 
1 
(M n=1070; F n=1264) 
8.1% 7.1% 22% 16.1% 3.9% 3.5% 
2 
(M n= 1071; F 
n=1265) 
10.2% 8.4% 23.8% 16.7% 6.2% 5.2% 
3 
(M n=1071; F n= 
1265) 
11.6% 10.2% 20.1% 18.4% 7.3% 5.5% 
4 
(M n=1070; F n= 
1265) 
11.9% 11.4% 25.2% 20% 11.6% 8.1% 
a Define criterial cholesterol- ever told has high cholesterol, current, long or short term; no= not current or 
never 
b Define criteria Blood pressure- high, very high or severe 
c Define Criteria Diabetes- ever told has diabetes, current, long or short term; no= not current or never 








5.3.3 Food Sources of Dietary Fibre (Total, Soluble and Insoluble) in the 2011-12 
NNPAS 
Cereals and cereal products represented the largest source of all fibre categories for both 
adults and children (Table 5.7).  Major sources of fibre also included cereal based 
products and dishes, fruit and vegetables for children; and vegetables, fruit and cereal 
based products and dishes for adults with amounts contributing to the diet varying 
between fibre type and age group. Fruit was a larger contributor of all fibre types than 
vegetables for children, with the opposite true for adults.  
Table 5.7 Contribution of each food group to fibre intake as a percentage of total fibre 
intake. Average of both days 1 and 2. 
 
Major Food Category 













Non-alcoholic beverages 3.13 0.86 0.57 3.82 0.32 0.18 
Cereals and cereal products 29.64 36.92 36.96 29.28 37.74 36.29 
Cereal based products and dishes 18.31 15.91 25.43 14.13 12.73 19.38 
Fruit products and dishes 17.92 20.34 13.45 14.47 16.7 12.82 
Soup 1.39 1.05 1.2 3.27 2.45 2.53 
Seed and nut products and dishes 0.86 1.23 0.51 2.04 2.41 2.04 
Savoury sauces and condiments 0.77 0.56 1.14 0.86 0.5 1.45 
Vegetable products and dishes 15.02 15.63 14.62 20.25 22.28 21.5 
Legume and pulse products and 
dishes 
1.45 1.52 1.16 1.78 2.11 1.55 
Snack foods 2.06 2.41 2.35 0.73 0.82 0.88 
Confectionery and 
cereal/nut/fruit/seed bars 
2.21 2.89 1.64 1.28 1.58 0.89 
 
5.4 Discussion 
This study demonstrates the applicability of the FCD to a large dataset and its usefulness 
in providing more detail into the types of fibre consumed in a population. Since current 
food composition databases do not provide further information relating to fibre types or 
categories, application of the FCD may provide additional insights [135].  
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The median total fibre intake of the NNPAS respondents fell below the Adequate Intake 
(AI) for Australia and New Zealand [5] for all age groups, with only 12% of adult females 
and 9% of adult males meeting this requirement. Given the rates of chronic disease illness 
and obesity, and the positive health benefits of dietary fibre, the AI can be considered a 
prudent target for at risk individuals. Other analysis have had similar findings, and while 
the Australian Bureau of Statistics reported the mean fibre intake of 24.8g dietary fibre 
per day for adults aged over 19 years [167], the median fibre intake adults was found to 
be 20.7g (IQR 14.3-28.7) in adults [10]. A similar analysis by Flayet-Moore et al to that 
presented here, found slightly different results to those reported here, however, the 
published analysis applied no adjustment for usual intake [10]. The AI for adult males is 
set at 30g/day and for females is 25g/day, and represents the median intake of populations 
like Australia where laxation problems are not common [5], while the suggested dietary 
target (SDT) of 38g/day for males and 28g/day for females is the recommended target for 
reducing chronic disease risk [5]. There are no recommendations for the amount of 
soluble or insoluble fibre targets to achieve good health [5]. Since the health benefits of 
dietary fibre are well documented [102], increasing fibre intakes is likely to improve 
health outcomes. A study by Nagle et al. (2015) found that annually, at least 1000 (and 
more likely 2600) cases of colorectal cancer in Australia could be attributed to inadequate 
levels of dietary fibre [168]. While the AI is set at the median for the population and the 
NNPAS is designed as a representative population survey, this analysis could suggest a 
downward shift in fibre intake may be occurring, which is of concern. It is therefore 
probable that directing individuals to increase their intakes of all fibre types rather than 
focusing on specific types would be a useful and simplified strategy to achieving 
improved health outcomes.  
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Further, there were significant differences in total fibre and soluble fibre intakes between 
the underweight BMI category and all other BMI categories. Since this result was 
observed despite adjusting for energy intake, it may be that the underweight population 
were even less likely to be consuming an adequate fibre intake, and therefore their weight 
status is reflective of the fact that underweight is not preferred over an ideal weight.  
Two other observations warrant discussion. After adjusting for energy intake, data from 
NNPAS respondents was divided into quartiles based on total fibre intake, and the 
subsequent analysis showed significant differences for intake of all fibre types for each 
quartile. No trend was observed in the mean BMI for each fibre intake quartiles or 
between quartiles for waist circumferences. Whilst it is well documented that increasing 
fibre intakes can help with weight control and decrease the incidence of obesity through 
mechanisms such as increased satiety [169], it was not able to be demonstrated in this 
cross sectional study or in similar published works [10]. It has also been noted that the 
source of dietary fibre is important for weight control, with cereal fibre more so than fibre 
from fruits and vegetables demonstrating a relationship with BMI and waist 
circumference [170]. Whilst this study found cereals represented a large proportion of 
fibre intake, fruits and vegetables also contributed a large proportion of dietary fibre, 
particularly for adults. It is also relevant to consider that dietary fibre is still present in 
refined cereals and so it is possible that participants with higher BMI had increased fibre 
from sources that may not be considered “healthful”. Recent work in our group [171] on 
the National Diet and Nutrition Survey in the United Kingdom examined food sources of 
individuals with high cereal fibre intake but low whole grain intake. In the UK cohort, 
these individuals were consuming large quantities of refined grains in foods such as pizza, 
white bread and white rice. Cohort studies and clinical trials may better elucidate any 
relationships between fibre sources and anthropometric measures in the population.   
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The role of dietary fibre in blood glucose control and diabetes prevention, cholesterol 
attenuation and blood pressure control are some of the most well documented health 
benefits of high fibre diets [102]. Studies have found that diets high in dietary fibre may 
contribute to improved blood pressure control [172, 173]; while diets high in soluble fibre 
are effective in lowering cholesterol [69] and diets high in fibre, in particular cereal fibre, 
are effective in reducing diabetes risk and improving blood glucose control [174-176]. 
This also proved relevant to the thesis findings. Overall (n= 12153) 5.3% of participants 
had been diagnosed with diabetes, 7.5% had high cholesterol and 15.4% had been 
diagnosed with high blood pressure. For both males and females, those with the highest 
fibre intakes were shown to have the highest percentage of participants given a diagnosis 
for all variables. 
Since the role of dietary fibre in improving diabetes, hypertension and 
hypercholesterolaemia is well established, dietary education to those who have received 
a diagnosis often includes information regarding increasing fibre consumption. Dietary 
recommendations provided to individuals who have been diagnosed with diabetes often 
include the recommendation to include increased amounts of dietary fibre, and in 
particular they are often encouraged to make more low GI choices, including increasing 
whole grains and therefore cereal fibre in particular [177]. This may explain from the 
thesis perspective, why the incidence of a diabetes diagnosis was observed in the group 
consuming the most dietary fibre, with people having implemented these dietary changes 
in their diets after receiving a diagnosis. Generally, advice to increase soluble fibre is also 
provided to individuals diagnosed with hypercholesterolaemia [178]; and individuals 
diagnosed with hypertension are also encouraged to improve diet quality, with a focus 
often placed on increasing fruits, vegetables and whole grains [179], also offering an 
explanation as to the increased incidence in the quartiles with the higher fibre intakes.  
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The cross-sectional nature of the study in this thesis means that further inferences cannot 
be made. 
Analysis of food sources data showed the biggest contributor of dietary fibre to be cereal 
foods. Consideration of the food sources contributing to an individual’s fibre intake can 
provide insight to expected health outcomes, with cereal fibre more so than other sources 
of fibre providing unique health benefits [39]. Vegetables were the second largest 
contributor of dietary fibre for adults, while for children fruit was the second largest 
contributor. This is consistent with studies that have demonstrated fruit consumption 
tends to be higher than vegetable consumption in children [180]. Whilst consideration can 
be given to the food source of dietary fibre, classifying fibres in this manner would 
provide an ineffective method for categorisation, and present many of the challenges 
faced when examining current fibre categorisation systems. Most people consume diets 
that contain a range of fibre containing foods, making it difficult to distinguish the health 
benefits that can be attributed to a specific type of fibre. That is, fibre foods typically 
contain a variety of fibre types. For example, even oats, well known for the soluble fibre 
component β-glucan, contain a significant amount of insoluble fibre also. However, 
research does suggest that not all fibre sources are equal, and some may be more 
beneficial than others (for example in the case of fibres sourced from cereal). In order to 
further understand the mechanism behind the beneficial effects that can be attributed to 
specific foods, and specifically the fibre in these foods, it is necessary to be able to 
quantify the types of fibres, not just the source. Only then, can we link foods, to fibre and 
its mechanisms and understand the influence on health outcomes [34].  
Since there is limited information available regarding fibre type consumption, particularly 
in Australia, this study presents a unique examination of fibre consumption within an 
Australian population.  While the NNPAS presented an opportunity to apply the FCD to 
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a large dataset, there were limitations to this study. The main limitations of this study 
relate to the use of the FCD, and the limited data sources used for soluble and insoluble 
fibre. It is important to note that these values should be considered as a relative indicator 
of fibre type contribution [135].  
Other limitations relate to the cross-sectional nature of the NNPAS and the fact that data 
has not been weighted to extrapolate to the entire Australian population. Therefore, it is 
important to consider results only in the context of the study population, rather than the 
Australian population, although the sample size of over 12000 people provides some 
representation.  
5.5 Conclusion  
This study demonstrated that the application of the fibre categories database to be a useful 
tool for examining intake of different fibre categories in a population setting and allowed 
for a more detailed exploration of fibre intake than is possible with current food 
composition databases, as well as exploration of any relationships between health 
outcomes and intake of different fibre categories.  
Whilst studies have demonstrated specific health outcomes associated with certain fibre 
types [102], it is important to consider that it may not be necessary to specify to 
individuals or populations which fibre types they should be consuming. As people eat 
food not fibre, encouraging intake of fibre from specific food sources may be a more 
simplified and effective means to increasing fibre intakes and improving health outcomes 
as a result. For example, focusing on cereal foods, or increasing vegetables as described 
in current Dietary Guidelines may be sufficient. This study demonstrated that fibre intakes 
are lower than ideal, and this trend may need to be reversed, regardless of any emphasis 
on fibre type or category of dietary fibre. However, should future research further 
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demonstrate association of individual fibres with disease, the FCD would assist in 


















































In this thesis a Fibre Categories Database (FCD) was developed and applied to dietary 
intake data from clinical and population samples as a first step in examining the 
relationship between different types of dietary fibre and health outcomes. While different 
health outcomes are associated with individual dietary fibre fractions (specifically those 
categorised loosely as soluble and insoluble fibre) found in fibre containing foods, initial 
research on the fibre composition in food and diet is required before this can be fully 
tested.  The development of the FCD was a complex process, with numerous challenges. 
The most notable was the limited amount of food composition data available. However, 
the creation of the FCD provided a useful tool to analyse fibre type intake and relate this 
to possible health outcomes in the context of a whole diet. The analysis provides a wake-
up call to researchers, food manufacturers and even primary producers, that there is a 
general dearth of analytical data on fibre types and categories using consistent methods. 
In particular, while studies may investigate dietary supplements (or synthetic or extracted 
fibres added to foods) often the characterisation of more common foodstuffs has not been 
reported. The FCD provides a useful resource for examining intakes of different dietary 
fibres in different settings, such as in clinical studies, or in large population surveys. The 
database also acts as a foundation which can be expanded in the future.  
In the next stage of the thesis the applicability of the Fibre Categories Database to both a 
small clinical and large population dataset was established, as well as its usefulness in 
providing more detail into the types of fibre consumed by the study samples. In this way, 
the research was able to demonstrate that consideration can be given to fibre-health 
relationships at both a population and clinical level. In addition, the relevance to practice 
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could be examined – providing insight into the usefulness of different types of messages 
depending on whether they target individuals or populations. 
Since current food composition databases do not provide detailed information on fibre 
types or categories, the FCD is the first of its kind, and unique to Australia. It provides a 
useful tool to allow further exploration of fibre type consumption and its association with 
health outcomes.  
6.2 Evaluation of Findings 
Chapter 1 of this thesis discussed current issues with defining and classifying dietary 
fibre, methods of fibre measurement and the current research into the health effects of 
different types of fibres. This review demonstrated the range of challenges that face 
researchers examining the health benefits of dietary fibres. In particular, foods, and diets 
have multiple components, so it is difficult to attribute dietary health benefits to a single 
component like fibre. To be able to fully understand clinical benefit of different fibres, it 
is important to consider the role that total dietary fibre and different types of fibre will 
play in the context of an individual’s diet, the food sources they will consume to achieve 
an intake of dietary fibre, and the set of health outcomes that may arise from including 
the foods that contain these fibres. Further research needs to examine the possible role of 
different dietary fibre fractions in the context of the whole diet, allowing a more complete 
view of the context in which dietary fibre effects can be realised. This review also 
highlighted how reporting of dietary fibre whether in total or as a type or a fraction of a 
category, must report the method used to contextualise the data. This set the scene for the 
investigations that followed in the thesis.  
Chapter 2 outlined the methodological framework utilised within the thesis to determine 
the usefulness of fibre categories (or types) in health research and includes a discussion 
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of the main methods utilised in this thesis. The methodology used in this thesis enabled 
the development of a tool to measure the different fibre categories (a database in this 
instance), and then application of such a database to determine the usefulness of 
distinguishing between consumption of different fibre categories in research that 
examined fibre intakes and health outcomes.  
Chapter 3 of this thesis outlined the development of the FCD. This database was 
developed in order to bridge the current gap in food composition databases whereby 
detailed information regarding dietary fibre is lacking, which is problematic for research. 
Whilst the development of the FCD is a starting point for filling in more detailed 
information lacking on dietary fibre, there were several main limitations, including the 
limited data available to complete the database. Nonetheless, the process of development 
of the FCD further highlighted where categorisation or provision of detailed dietary data 
was not available and therefore provides direction for researchers and even manufacturers 
of core foods who may wish to make further content claims on their products.  
Chapter 4 discussed application of the FCD to dietary and biomedical data collected as 
part of the HealthTrack study, a 12-month lifestyle intervention trial. This secondary 
analysis of data from the HealthTrack study presented a unique opportunity to examine 
not only overall fibre intake, but also the types of dietary fibre (categorised as soluble and 
insoluble) in a detailed dietary dataset (collected from diet history interviews). Firstly, 
this study demonstrated the applicability of the FCD to a small clinical dataset with 
dietary data collected in such detail, but beyond this, it also demonstrated another 
significant dimension of targeted and individualised nutrition advice for improving diet 
quality. Individuals with the most specific dietary advice and indeed provision of a high 
fibre food, increased their fibre intake the most. The greater the intake the better the 
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weight outcomes and therefore those providing dietary advice can be reassured of the 
value of targeted advice to their clients/patients.  
Chapter 5 expanded on the application of the FCD, and followed a similar methodology. 
In this case the database was applied to a larger population dataset in order to examine 
dietary fibre intakes from a population-based survey, the 2011-12 NNPAS, where dietary 
data was collected through a 24-hour recall, and examined any relationships that may be 
observed between fibre intakes and health outcomes in this setting. Application of the 
FCD to this population data proved the FCD to be a useful tool for examining fibre intakes 
in the population. Importantly it allowed further exploration of relationship between fibre 
intake and health outcomes than is possible with previous food composition databases. 
Of interest here however, there was little additional information obtained by the 
application of the database against health outcomes. This may be because at this point the 
FCD is still a relatively blunt instrument, but it may also be because at a cross sectional 
level, it is difficult to measure health outcomes without the extensive other health details 
that would usually be available at individual consultations. 
Development and application of the FCD has provided useful insight into the dietary fibre 
intake from both a population health perspective and in the context of clinical practice for 
weight management. In both cases it allowed an exploration of the relationship between 
intake of different fibre intakes and health outcomes. Dietary fibre is a complex nutrient, 
and it is well established that different fibres have different health outcomes, which is 
discussed in detail throughout this thesis. In the first instance, the median intake did not 
concur with the recommendation for Adequate Intake, suggesting a shift downward in 
fibre intakes which may need reversing. That is, the Australian population, with 
increasing overweight and obesity may need to target the AI as a minimum fibre intake 
to minimise further risk associated with diet-related disease. 
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Both Chapters 4 and 5 examined the food sources of dietary fibre in a specific population. 
The food source of fibre is an important aspect of dietetic practice when counselling 
patients on strategies to increase their intake of dietary fibre. Current dietary guidelines 
in Australia, which are often utilised by dietitians in practice, do not provide 
recommendations for specific fibre types such as soluble or insoluble fibre. Rather, 
current public health dietary education, such as those provided in the Australian Dietary 
Guidelines [9], focus on encouraging individuals to consume adequate dietary fibre from 
a range of dietary sources, such as fruits, vegetables and wholegrains. This simple 
message is still difficult for many people to achieve (for example only 6.8% of the 
Australian population manages to consume the recommended serves of vegetable each 
day [167]), and therefore it is possible that further complicating the message with 
discussions surrounding different fibre types, may make following dietary 
recommendations even more difficult for many people. By placing an emphasis on 
consuming not only whole foods, but a variety of foods, dietary guidelines encourage the 
consumption of a range of fibre types, and the message remains clear and simple.  
In order to quantify the fibre in diets utilising an approach to encourage fibre type, 
information would be needed to quantify the types of fibres in individual foods. Given 
the limited information available in food composition databases, from the food industry 
and in the literature, this would be a difficult task to achieve. This is evidenced by the 
current thesis, where even broad categories of fibre and its sources were difficult to locate 
and define. While current populations fall short on fibre intakes, being able to provide 
even more detail on the specific fibre types in foods, and therefore further complicate 
nutrition messages, would most likely be counterproductive in providing effective 
population-based health promotion messages.  
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Since people consume foods, not individual nutrients like dietary fibre, it seems sufficient 
to continue to provide public health messages suggesting increasing fibre intakes from a 
range of food sources, such as that currently recommended in the Australian Guide to 
Healthy Eating. Referring to whole foods, rather than individual nutrients such as fibre or 
categories of fibre, ensures populations receive education that is not only simple, but also 
allows for individuals to benefit from the consumption of whole foods and the complex 
set of nutrients they contain, which may be limited if education was given targeting 
individual nutrients. For example, a population message to increase soluble fibre may 
only result in increasing consumption of soluble fibre supplements which may limit the 
effects associated with the broader consumption of foods high in soluble fibre. However, 
it is useful for clinicians such as dietitians, to understand which foods provide different 
types of dietary fibre.  They are then able to educate individual clients on appropriate food 
choices for their particular circumstances, delivering dietary fibres that have been shown 
to be of clinical benefit in keeping with the individual’s health conditions. Therefore, 
further development and application of the FCD could be a useful tool to facilitate both 
research into this area, as well as provide dietitians with the information they need to 
provide these recommendations to their clients. There is a clear differentiation in this case 
on what may be helpful for researchers and dietitians to understand mechanisms and 
health effects, compared to more generic health messaging. 
6.3 Limitations and Recommendations for Future Work  
Limitations of each study have been discussed throughout each chapter of this thesis. 
Overall the main limitations relate to the development and application of the FCD. Here 
the main limitation was the lack of data that was available to be utilised in the 
development of the database, with many assumptions having to be made in the absence 
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of reliable data. These challenges are discussed in detail in Chapter 3. This limitation also 
means that the database can always be improved. 
 Future work will ideally include further development of the FCD. The database in its 
current form presents a useful starting point, with all available data currently included in 
the database. The database needs to remain fluid, and has been developed with this in 
mind. The following suggestions might be considered: 
• more data is needed from original analysis, which could be conducted by food 
manufacturers or industry partners; and incorporated into the database as data 
becomes available. In addition, researchers in dietary fibre need to report full 
characterisation of their foods/ingredients to ensure that when this data is 
examined or used in subsequent reporting, the reader is reassured that we are 
comparing “like” with “like”. Expanding the database to include some of the 
missing foods and food types would be a useful step in ensuring detailed data 
regarding all fibre sources is included.  
•  original analyses should utilise the newer methods of fibre analysis when 
conducting these analyses, the newer methods, including AOAC 2017.16 [30] 
which are considered the new general methods that quantify most of the DF 
components included in the definition proposed by the Codex Alimentarius. 
• more Australian sources of data need to be included within the database in order 
to improve its accuracy in estimating fibre intakes within the Australian 
population. 
The second major limitation related to the limitations of the studies in which the database 
was applied. Limitations of the database application to dietary data are discussed in the 
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relevant chapters, however the main limitation was that both the survey and the clinical 
trial were not specifically designed to examine different dietary fibre or fibre category 
intakes. Limitations for these studies can include the methods chosen for measuring 
dietary intake. Whilst a diet history interview allows a detailed quantification of food 
intake and has been shown to be accurate and valid, it has its limitations, in that this 
method is susceptible to recall bias, underestimating and the method may encourage 
subjects to report dietary intake that they feel is socially acceptable. A 24-hour recall is a 
useful method for collecting dietary data, especially at a population level, however again 
presents its own limitations. Notably, participants often struggle to recall what they ate 
the previous day, and it is not a good measure of usual intake. The FCD was applied to 
the collected dietary data as both represented currently available data where the FCD can 
be beneficial for examining fibre intakes, however future work could ideally include 
application of this database to a set of dietary data that has been collected with the 
intention of measuring dietary fibre intake as a primary outcome. 
As the datasets represented available dietary data they were utilised to demonstrate 
applicability of the FCD, but further work on health outcomes was preliminary. Future 
work could include studies that are designed to measure dietary fibre intake and the 
associated health outcomes in more detail, including planned population-based surveys 
with targeted questions surrounding fibre intake and health measures, or clinical trials 
where fibre intake can be measured in greater detail. Specifically these should utilise 
dietary data collection methods developed to capture all fibre containing foods, and 





6.4 Concluding Remarks  
The FCD provides a unique opportunity to quantify the types of dietary fibre in a range 
of commonly consumed fibre containing foods, and it has been demonstrated to be an 
effective tool for examining intake of these fibre categories in both clinical and 
population-based settings, as well as examining relationships between fibre intakes and 
health outcomes. While the limitations of the database and its applications are notable, it 
has provided a starting point which can be expanded to reduce some of these limitations, 
and presents an opportunity to further develop our food composition knowledge in 
regards to dietary fibre categories, and apply this information in both clinical and research 
settings. The FCD has great potential to improve the content included in the current 
Australian database, including the reliability and accuracy of data, as well as the range of 
foods included.  
Given the known health benefits associated with increasing intake of different fibres such 
as soluble or insoluble fibres, it is worthwhile to consider whether public health messages 
should include a more detailed recommendation for dietary fibre targets.  The application 
of the database presented in this thesis has provided valuable insight into the fibre intake 
of two Australian population groups and the relationship between health outcomes and 
fibre intakes.  
The application of the FCD in a clinical context (Chapter 4) confirmed known features of 
fibre reported in the literature on the relationship between dietary fibre and body weight 
and between fibre and cholesterol measures. Confirming these known health benefits 
through the use of the FCD presents another useful dimension of quantification and 
measurement of dietary fibre intake that is made possible by the database. In the context 
of clinical practice, given some data on individual fibre types is sound (for example, that 
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on β-glucan and cholesterol), dietitians in particular should be educated on dietary fibre 
types. A further use of the FCD is for health professionals and researchers to identify 
foods high in various fibre categories, and to consider this in either highlighting their 
research findings or providing individualised dietary advice.  
The findings presented in this thesis show that individuals in the Australian population 
have a difficult time meeting current fibre recommendations, and therefore it may be 
worthwhile to continue to encourage people to consume a wide range of fibre containing 
foods, such as fruits, vegetables and wholegrains, which in turn leads to a varied intake 
of fibre types anyway, while continuing to provide a simplified public health message 
that may be more achievable. Therefore this thesis supports population health messages 
based on foods and fibre generally, rather than any further promotion of fibre types. The 
application of the FCD to a population dataset did not support the need for public health 
messages directed at promotion of different fibre categories. 
While more work both analytically and in application of analytical data is required, to 
investigate dietary fibre and health outcomes in the context of the whole diet, this thesis 
provides data as a useful step in understanding the complex relationship between dietary 
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